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Abstract. I present a catalog of 67 barred galaxies which contain distinct, elliptical stellar structures inside their 
bars. Fifty of these are double-barred galaxies: a small-scale, inner or secondary bar is embedded within a large- 
scale, outer or primary bar. I provide homogenized measurements of the sizes, ellipticities, and orientations of 
both inner and outer bars, along with global parameters for the galaxies. Fhe other 17 are classified as inner-disk 
galaxies, where a large-scale bar harbors an inner elliptical structure which is aligned with the galaxy's outer 
disk. Four of the double-barred galaxies also possess inner disks, located in between the inner and outer bars. 
While the inner-disk classification is ad-hoc - and undoubtedly includes some inner bars with chance alignments 
(five such probable cases are identified) - there is good evidence that inner disks form a statistically distinct 
population, and that at least some are indeed disks rather than bars. In addition, I list 36 galaxies which may be 
double-barred, but for which current observations are ambiguous or incomplete, and another 23 galaxies which 
have been previously suggested as potentially being double-barred, but which are probably not. False double-bar 
identifications are usually due to features such as nuclear rings and spirals being misclassified as bars; I provide 
some illustrated examples of how this can happen. 

A detailed statistical analysis of the general population of double-bar and inner-disk galaxies, as represented by 
this catalog, will be presented in a companion paper. 
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1. Introduction 

The first hints that disk galaxies could have more 
than one bar emerged in the 1970s with observations 
by de Vaucouleurs (1974, 1975), who identified three 
galaxies where the large-scale (outer or primary) bar 
harbored a concentric, smaller bar (the inner or sec- 
ondary bar) in the nuclear region. Subsequent iden- 
tifications of doub l e-barred galaxies include tho se of 
Sandaee fc Brucatol l)l979|) jKormendvl (|l979lll982a|h and 
Schweizerl (|l980f) - Such bar-within-bar systems were gen- 



erally thought to be isolated peculiarities, and there was 
essentially no theoretical interest in the topic. 

Interest picked up in the late 1980s and early 1990s, 
spurred in part by a new theoretical angle: the idea 
that nested-bar systems might help fuel nuclear activ- 
ity by efficiently driving gas into the nuclear regions of 
a galaxy, or even assist i n build i ng bulges out of disk 
mate rial 1 Shlosman et all Il989t IPfenniger fc Normanl 
The use of CCDs and near-infrared imagers al- 
lowed the detection of previously unnoticed double bars, 



and they began to be considered a distinct class of 
galaxies worthy of investigation and modeling (e.g. , 
i Buta fc Crockerlll993llFriedli fc Martined[l993tlComb"esl. 
I1994IL The latest studies, using well-defined samples and 
high-resolution imaging, suggest that as many as ~ 1/3 
of all early- type barred galaxies may harbor se condary 
bars l|Erwin fc SparkeL I2002L lLaine et all l2002|h There 
are even galaxie s which some autho r s have identified 
as tr i ple-barred llWozniak et all Il994 lErwin fc SparkeL 
Il99fjt lLaine et all l2002lh though at least some of these 
candidates have turned out, on closer inspection, to be 
only single- or double-barred (Erwin & Sparke 1999; see 
Sects. Eland of this paper). 



Inner bars are seen 



both 
HE 



the optical (e.g. , 

de Vaucouleursl 1 197.4 l.larvis et all Il988t IWozniak et all 
1994 lErwin fc SparkeL 120031) a nd the near-in frared 
e.g.. ISha,wet a,ll I1993L llflflS iFriedli et all 
Mukhae^e^^ll Il997t Ijungwiert et all 
Greusard et all |2000L lLaine et all l2002|) . This latter 
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1997 
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fact, as well as their presence in SO galaxies devoid of 
gas and dust, indicates that they are stellar structures, 
and thus at least broadly similar to "normal," large-scale 
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bars. (Inner gaseous bars are sometimes seen as well, but 2. Compilation and Sources 

these are not the subject of this catalog.) 

Theoretical interest now includes hydrodynam- 
ical simulati on s of b oth o bserve d galaxies (e.g . 
Knapen et al] . Il995ri lAnri l200li ISchinnerer et al 



2001 



) and model double-b ar syste ms l|Macieiewski et al 



2002] IShlosman & Hellerl 12002^ . Questions concern- 
ing the formation, dynamical stability, and evolution 
of double bars have seen increasing attention from 



theorists Ce.er.. Fricdli & Martinet. 1993: iFriedli et al. 


1996 
1997 
200C 


; iDavies & Hunterl 


1997; 




Macieiewski & Sparke 


: iRautiainen & Said 


1999 


Macieiewski & Sparke 


iRautiainen. Salo. & Laurikainenl 12002 



the simulations of Rautiainen and collaborators is the 
suggestion that the inner bars of double-barred systems 
might form first, in co ntrast to the or i ginal outside-in 
formation scenario of IShlosman et alJ (^989). If this 
is so, then inner bars would be among the oldest dy- 
namical structures in these galaxies, and might provide 
useful clues about their formation and early history. 
There is also growing interest in spectroscopic studies 
specifically aimed at the kinematics of double-barred 
galaxies. Examples i nclude long-slit spectroscopy by 
lEmsellem et alJ i200lh. CO map p ing by [Schinnerer et alJ 
l|200lh and IPetitpas fc Wilson! ifeOOa l2003h . and the 
2-D optical spectroscopy of Moiseev and collaborat ors 
l|Moiseevl Eooa iMoiseev. Valdes. fc Chavushvarll2002() . 

Thus the time seems right for a first atte mpt at a 
compr ehensive catalog of double-barred galaxies. iMoiseevI 
recently provided just such a list; however, there 
are several ways in which it can be improved. The main 
one is that Moiseev's list is fundamentally one of candi- 
date double bars, with no attempt at confirmation or dis- 
crimination among alternate possible identifications. This 
means that some of the galaxies in the list are not, in fact, 
double-barred (as indeed Moiseev 2002 concluded on the 
basis of 2D spectroscopy) . A number of suggested double- 
bar systems in the literature - including some of the recent 
spectroscopic targets - are either ambiguous or not truly 
double-barred; so there is also a need for identifying galax- 
ies which can, under some circumstances, masquerade as 
double-barred. Finally, we would like to know more about 
the general population of double-barred galaxies: What 
Hubble types are they found in? How large and small can 
the inner (and outer) bars be, and what might this tell us 
about how they form and evolve? Can we identify differ- 
ences between double- and single-barred galaxies? 

This paper presents a catalog of confirmed double-bar 
and inner-disk galaxies, based on detailed examinations of 
over a hundred suggested candidates. For each galaxy, I 
provide measurements of bar sizes, orientations, and ellip- 
ticities in a consistent framework, along with basic data 
for the host galaxies. I also include a list of galaxies whose 
double-bar status is still ambiguous or unmeasurable, and 
a list of "false" double bars - galaxies where nuclear rings, 
spiral arms, strong dust lanes, and the like have masquer- 
aded as additional bars. 



The starting point of this catalog was the survey of earl 
type barred galaxies carried out bv lErwin & S parke ( 2 
2003). That survey, however, found only ten double-barred 
galaxies, several of which had been identified by earlier 
studies, and an additional eight barred galaxies with in- 
ner disks. 1 To expand this to a statistically more meaning- 
ful collection, I have made a careful search for candidate 
double-barred galaxies in the literature, including previ- 
ous compilations. Amon g the surveys and c ompilations 
examined w e re those of iKon nencfaJ l|l979l): IShaw et al 
19931 Il995l): iButa fc Crocked (Il993): IFriedli fc Martinet 



EL... 

jl99l: [Wozniak et a ,lJ Jl995h: IFriedli et all flB 
il Jl99rt): iMulchaey et all Jl997t): I.Tungwi, 
^bl J1999T): ICreusard et al] 




IFriedli 

lll997l): iMarrmez et ah 

iMartini et all feOOlIk iRest et all l|200l|) : IMoiseevI 
and iLahie^talJ l)2002|) . Finally, a number of unpub- 
lished observations, both ground-based and from the HST 
archive, were examined; this turned up several more dou- 
bl e barred galaxies. ( These observations will be presented 
in lErwin et alll2004l in prep.) The goal has been to find as 
many plausible candidates as possible, though it is prob- 
ably guaranteed that I have missed some previously re- 
ported candidates along the way. 

Because the sources are so many and varied, and moti- 
vated by a variety of different aims, this catalog does not 
represent a uniform or complete sample. For a variety of 
reasons, it is biased towards early-type and active galaxies, 
and generally consists of galaxies with larger and stronger 
inner bars than may be the norm, since these are the ones 
most likely to be noticed and mentioned in the literature. 
It is probably not the best sample for probing, for exam- 
ple, the lower limits of inner-bar sizes; on the other hand, 
it probably is a good resource for investigating the up- 
per ra nge of their sizes, a question of some theoretical in- 
teres t ((Macieiewski fc SoarkellioOOHEi-Zant fc Shlosmanl . 
l2003h . 

2.1. Evaluation and Winnowing 

With the candidates in hand (~ 125 galaxies in all), the 
next step was to determine which galaxies were actually 
double-barred: as I will discuss below, there are a number 
of features which can masquerade as inner (or outer) bars, 
particularly if ellipse fitting is the main or only tool used to 
identify bars. Because one of the main goals of this catalog 
was to produce a set of homogeneous bar measurements, I 
also needed galaxies where the bar characteristics had in 
fact been measured, or for which publically available im- 
ages existed. This winnowing process produced three sorts 
of chaff: galaxies which could be double-barred, but for 
which no measurements were available or could be made; 
galaxies for which the evidence for a double bar is am- 
biguous (often cases where dust or lack of resolution con- 
fuses the issue); and galaxies for which the evidence argues 



See Sect. l3.2l for the definition of inner disks. 
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against a double bar, usually because rings, spiral arms, 
and/or strong dust lanes have produced false bar signa- 
tures. These unconfirmed, "ambiguous" and "discarded" 
galaxies are listed in Sects. and [7| along with the reasons 
for each classification. 

How does one verify the existence of an inner bar, or 
determine that an apparent inner bar is really something 
else? To start with, Fig. ^ gives an example of a proto- 
typical double-bar galaxy. Both inner and outer bars are 
bisymmetric, approximately elliptical stellar structures. 
By definition, an inner or secondary bar must appear in- 
side a larger bar - so part of the verification process is en- 
suring that there is indeed a large-scale bar in the galaxy. 
Bars usually appear with a characterisic distortion in the 
isophotes (weaker for inner bars, in part because light from 
the bulge makes the isophotes rounder than they would 
otherwise be), usually producing a peak in the isophotal 
cllipticity at the approximate position angle (PA) of the 
inner bar. A common technique for finding bars, there- 
fore, is to fit ellipses to the isophotes, and look for peaks 
in ellipticity accompanied by relatively stationary po sition 
angles fe.g.. lWozniak et allll995tlLaine et afll2002() . The 
problem, however, is that there are other structures which 
can produce similar distortions and simi lar features in el- 
lipse fits, as I will show below (see also lErwin fc Sparkel 
120031) . These include nuclear rings, nuclear spirals, strong 
dust lanes, and star formation. Thus, it is necessary to go 
further: to inspect the images or isophotes directly, and 
to make use of tools such as unsharp masking, which can 
help discriminate between these different structures. 

As an example, Fig. shows how large-scale bars, in- 
cluding the outer bars of double-barred galaxies, appear 
in unsharp masks. Depending on how narrow and strong 
the bar is, the unsharp mask can show the ridgeline of the 
bar (e.g., NGC 4643 in the figure), or just the character- 
istic sharp ends typical of so-called "flat" or "early-type" 
bars, where t he bar's major-axis luminosity profile steep- 
ens a bruptly l|Kormendvlll982'htlElmegreen fc Elmegreenl 
Il985|) . What Fig. shows is that inner bars have a very 
similar appearance to large-scale bars in unsharp masks. 
This is an indic ation that inn er and outer bars are struc- 
turally similar I ErwinL hflOd hereafter Paper II), and it 
also suggests that unsharp masking can be used as a sec- 
ondary technique for identifying and confirming the pres- 
ence of inner bars. 

Two examples of how nuclear rings can masquerade 
as inner bars are shown in Figs. 0] and El In both cases, 
there is a clear peak in the ellipticity, with a stationary or 
extremal value of the position angle, inside the large-scale 
("outer") bar; these features are seen in near-infrared or 
dust-free i?-band images, and so are unlikely to be due to 
dust lanes (though it must be kept in mind that sufficient 
dust can affect even fC-band images). So on purely ellipse- 
fit criteria these are multiply barred galaxies. However, 
unsharp masking shows that the inner elliptical features 
are clearly rings, with no evidence for bar like structures 
inside the rings. 



NGC 2859: double-barred galaxy 
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Fig. 1. NGC 2859, a pro t otypi cal double-barred galaxy 
first noted by iKormendvl l|l979|) . The figure shows loga- 
rithmic i?-band contours, displaying both the outer bar 
and the inner bar inside it, along with ellipse fits to the 
isophotes (upper right) and an unsharp mask (lower right) 
of the inner bar, with hints of spiral arms just outside 
it. The dashed circles on the unsharp mask have, from 
the inside out, radii = a e , aio, and a min , three different 
ellipse- fit-based measures of bar size; see Sect. 13. II for defi- 
nitions. (See Erwin & Sparke 2003 for more details on the 
observations.) 



Sometimes the inner bar is real, but the outer bar is 
not: Fig. demonstrates how spiral arms can produce a 
false bar signature in the ellipse fits. In other cases, the 
presence of an outer bar may be uncertain, usually due to 
confusion from dust and spiral arms, or because the puta- 
tive outer bar is so round or peculiarly shaped that it isn't 
clear whether it is a bar or not; thi s can include structures 
some times called "oval disks" (e.g. lKormendv fc Normanl 
Il979h . In two such oval-disk galaxies (NGC 1068 and 
NGC 4736), there is both good evidence for small-scale 
bars and sufficient kinematic evidence that the oval disks 
are dynamically barlike, so I consider these to be double- 
barred galaxies (albeit with rather weak, atypical outer 
bars). 

3. Definitions and Measurements 

3.1. How to Measure Bars 

The three basic measurements one can make of a bar 
(or inner disk) are its strength, its size, and its orien- 
tation. The latter is, in principle, the simplest and least 
ambiguous measurement, and is defined as the position 
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a: NGC 4340: 
Large-scale (outer) bar 




b: NGC 4643: 
Large-scale (single) bar 




unsharp mask 



unsharp mask 



Fig. 2. Examples of the appearance of "normal" (i.e., 
large-scale) bars in unsharp masks. For each galaxy I 
show logarithmically scaled isophotes (top) and an un- 
sharp mask from the same image (bottom), a) The outer 
bar of the double-barred SBO galaxy NGC 4340; traces 
of a ring surrounding the bar can also be seen (i?-band 
image from the MDM Telescope), b) NGC 4643, an ex- 
ample of an extremely narrow bar in an SBO/a galaxy 
with the central "spine" of the bar showing up clearly in 
the unsharp mask, along with very faint traces of a thin 
ring (i?-band image from lErwin fc Spaxkell2003l) . 



a: NGC 1543: Inner bar 



b: NGC 6684: Inner bar 



c: NGC 4340: Nuclear 
ring + inner bar 





unsharp mask 



unsharp mask 



unshaip mask 



Fig. 3. As for Fig. but now showing inner bars from 
double-barred galaxies, a) NGC 1543, where the nar- 
row inner bar is strikingly similar to the (large-scale) 
bar of NGC 4643 in Fig. H (WFPC2 F814W image), b) 
NGC 6684, an inner bar with a more typical unsharp mask 
appearance (WFPC2 F814W image), c) NGC 4340, where 
the inner bar is surrounded by an elliptical stellar nuclear 
ring (i?-band image from the MDM Telescope). 




NGC 2273: nuclear ring + spiral 
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H unsharp mask 



Fig. 4. Example of a single-barred galaxy where a nu- 
clear ring masquerades as an inner bar. The SBa galaxy 
NGC 2273 was listed as double-barred bv lMulchaev et all 
l|l997h on the basis of ellipse fits (upper right: black = 
ii-band fits to their image, gray = HST iJ-band fits) 
and the appearance of their if -band image (upper left). 
However, an HST NICMOS2 iJ-band image (lower left) 
and its unsharp mask (lower right) show that the "inner 
bar" (a ~ 2") is actually a nuclear ring, with a nuclear 
spir al inside; WFPC2 images and color maps confirm this 
f see lErwin fc SparkeL Efioa iMartini et all l2f 



angle (PA), measured east from north (though there are 
some caveats about how to measure it; see below). The 
other two measurements are more difficult, both to define 
and to make. Bar "strength " is probably t he mo st am- 
biguous and contentious. As lAthanassoulal l)2003() notes, 
"Although the notion of bar strength is clear to everyone, 
and it is very often easy, when comparing two bars, to say 
which one is strongest, a precise definition is not trivial." 
I have defaulted to using one of the simplest definitions 
- the maximum ellipticity (e ma x) of the isophotes in the 
bar region - because it is used rather often for bars ( e.g., 



Marti 



igi on - because it is used rather ottc n tor bars (e.g., 
nLll995|IWozniak et allll995t|Jungwiert et allll997t 

lb 



Laine et all l2002t lErwin fc Sparkel l2003h and because it 
is easy to determine from published ellipse fits; this lets 
me determi ne bar strengths for as many of the galaxies 
as possible. lLaurikainen et aTl l|2002l) have recently shown 
that bar e max correlates quite well with the more sophis- 
ticated (and difficult) measurement base d on maximum 
relati ve tangential force due to the bar l|Buta fc Block! 

For measuring the leng ths of bars. I adopt ed a 
stratagem sim ilar to those o f E run Rr. Srmrkel <|2003l) and 
lErwinl 12003). which is to define two radial sizes: a e and 
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NGC 4371: stellar nuclear ring 




unsharp mask 



Fig. 5. Another example of a nuclear ring masquerading 
as an inner bar. Here, the SBO galaxy NGC 4371 shows 
three distinct peaks in ellipse fits to ground-based images 
(upper right: black = ground-ba sed i?-band fits, gray = 
WFPC2 V-band fits; bot h from lErwin fc Snarkel ll 999l) . 
which led IWozniak et all (|l995h to suggest that it was 
triple-barred. The i?-band images (upper and lower left) 
do indeed show a prominent inner elliptical feature with 
a ~ 10", corresponding to the middle ellipticity peak; 
but unsharp masking (bottom right) shows that this is 
due to a stellar nuclear ring. The innermost ellipticity 
peak (in the ground-based ellipse fits) is actually due to 
the combination of seeing effects and the superposition 
of an elliptical ring on top of rounder bulg e isophotes (see 
lErwin fc SparkeUl999UErwin et alll2001IL Circumnuclear 
dust lanes produce variable ellipticity and position angles 
in the HST fits at a < 1". 



■t'bar- From the ellipse fits, I measured the semi- major axis 
at maximum ellipticity (a c ); the semi- major axis at the 
first minimum in elli pticity outside the b ar (a m i n ; based 
on the approach of IWozniak et"afl . ll99^ : and the semi- 
major axis aio where the PA has changed by 10° from 
the bar PA. All such values, when they can be measured, 
are listed in Table |3J The maximum-ellipticity length a e 
is adopted as one measure of the bar size, in part be- 
cause it is a relatively simple and repeatable measure- 
ment and is u sed rather often, including for some n- 
body bars Ce.g..lWozniak fc PierceUl99lH.Tungwiert et all 
ll997tlLaine et al.ll2002HAthanassoula fc Misiriotisll2002|h 
It generally indicates the radius at which the isophotal dis- 
tortion due to the bar is at a maximum; this is often close 
to the radius where the bar's major-axis profile turns over, 
at least in early- type galaxies. 



NGC 1667: spiral arms 




unsharp mask 



unsharp mask 



Fig. 6. Another example of how ellipse fits can mis- 
leadingly suggest two bars in a single-barred galaxy: 
in this false "outer bar" signature is produced 

by spiral arms in the SABc galaxy NGC 1667. a) 
Logarit hmically spaced if -ba nd isophotes (from the im- 
age of iMulchaev et all Il997j) . along with ellipse fits (b) 
to the same image (black points) plus ellipse fits to the 
NICMOS2 ii-band image (gray points). Two strong el- 
lipticity peaks are p resent, suggesting a possible double- 
barred galaxy (e.g., lLaine et all 12002^ : an "outer bar" 



with a ~ 20" and an "inner bar" with 



5 . However, 



unsharp masking (c) with Gaussian a = 10 pixels shows 
that the "outer bar" feature is really due to spiral arms 
(Mulchacy et al.). In contrast, unsharp masking with 
a = 3 pixels (d) shows that the "inner bar" is indeed 
a bar - almost certainly the galaxy's only bar. 

In some cases, there is no clearly defined maximum 
ellipticity for the bar. Usually, however, there is a local 
maximum or minimum in the position angle, which again 
represents the point where the bar has its strongest effect 
on the isophotes. This semi- major axis then becomes a e . 
(See Nieto et al. 1992, Busarello et al. 1996, and Erwin & 
Sparke 2003 for examples.) 

Despite the common use of a e , there is good evi- 
dence that it is usually an underestimate of the bar's 
true l ength (e.g.. | Wo zniak et al., 1995; Laurikaincn^t^al 



2002[ lAthanassoula fc Misiriotlsl 12003: lErwin fc Sparke . 
2003|); see Fig. So Erwin & Sparke defined a second 
measurement, which I refer to here as Lban by taking the 
smaller of a m - ln and aio- In certain cases, I use an alternate 
measurement to define Lbar, such as the size of an inner 
or nuclear ring surrounding the bar, when it is clear that 
the bar does not extend past the ring and that a m i n and 
aio are well outside the bar or simply cannot be defined 
(these cases are noted in Sect. EJ; the presence of such a 
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ring can distort the ellipse fits and produce misleadingly 
large values of a m \„ and aio. 

In lErwinl l)2003(l , I find that a e and Lbar , as defined 
above, correlated extremely well for the primary (or sin- 
gle) bars of a sample of SO-Sb galaxies. The same is true 
here: the Pearson and Spearman correlation coefficients 
are r = 0.93 and r s = 0.95 for inner and outer bars, re- 
spectively. The mean ratio of a £ /£bar is 0.75 ± 0.12 for 
the inner bars and 0.79 ± 0.12 for the outer bars. This is 
almost identical to the ratio for SO-Sb primary or single 
bars (0.80) and similar to the mean ratio of Athanassoula 
& Misiriotis' (2002) L(a/b) and L(phase) bar-size mea- 
surements (0.73), applied to bars in n-body simulations. 

Most of the bar measurements are based, directly or 
indirectly, on fitting ellipses to the isophotes. The actual 
ellipse-fit values come from three sources: ellipse fits per- 
formed by myself on available images; examination of pub- 
lished ellipse fits; and reported values when the actual fits 
were not published. Sources for the latter two are given 
for each galaxy in Sect.03 

Although bar position angle is, as noted above, gener- 
ally the simplest and least ambiguous measurement, there 
can be problems if ellipse fits are being used for bar mea- 
surements. Ellipse-fit position angles have the advantage 
of being (usually) precise and repeatable; however, it must 
be remembered that they are fits to isophotes, and are 
sometimes a compromise. Multiple components (bar + 
bulge, or bar + spirals) and projection effects can con- 
spire to produce isophotes for which the best-fit ellipse 
has a position angle which does not match any of the 
individual components . As discussed and illustrated by 
lErwin fc Sr>arkel l|2003h . there are numerous cases where 
the position angle of the bar, based on its orientation in 
the image, does not match the position angle from the 
ellipse fits. They found that the ellipse-fit position angle 
for bars was off by > 5° for about one-third of the large- 
scale (outer or single) bars in their sample. The problem 
is worse for inner bars, in part because their isophotes 
are usually contaminated by light from the inner bulge, 
nuclear rings, and inner disks: Erwin & Sparke found 
that inner-bar position angles differed by > 10° from the 
ellipse-fit position angles for about half of their double- 
barred galaxies. Because of these problems, all bar position 
angles have been checked, wherever possible, by direct in- 
spection of the isophotes and unsharp masks. If this indi- 
cated that the ellipse-fit PA value was off by more than 
~ 2-3°, then the ellipse-fit value was discarded and the 
bar PA was measured directly from the image. 

A simple example: Consider the case of NGC 2859 
(Fig.nj. The ellipse fits show two clear peaks in ellipticity, 
with a e — 4.1" and a e = 34" for the inner and outer bars, 
respectively (the peaks at larger radii are due to the lens 
and outer ring) . The isophotes clearly indicate bars rather 
than spirals, and unsharp masking supports this. For the 
inner bar, there is an unambiguous minimum in ellipticity 
at a m i n = 11"; but since the position angle has changed by 
10° from the bar PA (62°) by the time a = 6.2", I adopt 
the latter value (aio) as Lbar- (There is a faint, dusty nu- 



clear ring surrounding the inner bar - see Erwin & Sparke 
2003 - but since it has a = 7", which is > aio, I keep 
Lbar — aio-) For the outer bar, there is a clear ellipticity 
minimum at a m i n = 52", but again aio is smaller (43") 
than a m i n , so Lbar is set = aio. 

3.2. Inner Disks 

Following lErwin fc Sparke] <|2002t Ejolj) . I classify some of 
the inner elliptical structures as "inner disks." The criteria 
for this are: measured ellipticity less than that of the outer 
disk, measured position angle differing by < 10° from that 
of the outer disk, and no evidence that the structure is a 
nuclear ring or spiral (e.g., from unsharp masking or color 
maps). As pointed out by Erwin & Sparke, this makes for 
a heterogeneous, hodge-podge of a category, which can in- 
clude genuine disks, inner bars with chance alignments, 
unresolved stellar rings, and flattened bulges. Erwin & 
Sparke (2002) were able to find statistical evidence that 
the inner disks constituted a distinct category, different 
from inner bars (primarily because they are larger rela- 
tive to the outer bars); Paper II shows that this statis- 
tical distinction is even stronger when the much larger 
set of galaxies in this catalog is considered. There is also 
evide nce that at least so me of the inner disks really are 
disks: lErwin et alJ l)2003|) showed that the inner disks of 
NGC 2787 and NGC 3945 are morphologically, photomet- 
rically, and kinematically disklike. 

Nevertheless, some of the "inner disks" presented here 
probably are inner bars which happen to be aligned 
with the outer disk, particularly when the combination 
of inner-bar and bulge light produces composite isophotes 
which are rounder than the inner bar would be by itself. 
(NGC 2642 and NGC 7098, on the other hand, are ex- 
amples of double-barred galaxies where the inner bar is 
closely aligned with the outer disk, but is clearly more 
elliptical; thus, they are not classified as inner disks.) A 
few candidates can be identified on the basis of unsharp 
masking - that is, unsharp masking suggests a typical bar 
structure, rather than the smoother, elliptical appearance 
of most inner disk s; compare Figs. |2 and with Fig. 1 of 
lErwin et al.1 1|2003|) . These galaxies are indicated by notes 
in Table El 

3.3. Deprojection 

To compare the sizes and orientations of bars and disks, 
I deproject their measurements using the outer-disk in- 
clinations and positions angles from Cols. 5 and 6 of 
Tables H and assuming that bars are relatively flat, lin- 
ear structures. Recent near-IR studies of edge-on galax- 
ies l)Lfitticke. Dettmar. fc Pohleii 12000") show that large- 
scale bars are indeed flat over most of their length, with 
only the inner ~ 30-40% of the bar being thick (in the 
form of peanut-shaped bulges). Whether inner bars would 
have their own vertical thickening is unknown, though the 
high pattern speeds suggested for inner bars would proba- 
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bly preclude vertical Lindblad resonances outside the very 
nucleus. 

Galaxies with i < 25° are not deprojected, both be- 
cause deprojection has little effect for inclinations that 
small (lengths increase by 10% at the very most) and be- 
cause such galaxies often do not have a well-defined major- 
axis position angle for the outer disk. 

4. The Catalog 

The final catalog is presented in Tables 2] and |3 di- 
vided into double-barred galaxies and inner-disk galaxies. 
Measurements for the bars (outer and inner) and inner 
disks are given in Table with deprojected bar sizes and 
rela tive position angl e s (AP A) in Table 01 For APA, I fol- 
low |BMaXCrocke3 <ll99rf> and use a convention where 
the inner bar (or inner disk) "leads" or "trails" the outer 
bar, depending on the sense of rotation given by the spirals 
(Col. 8 of Tables [2 and EJ); see Fig. 5 of Buta & Crocker. 
Since NGC 2681 has three bars, the relative position angle 
is harder to define - e.g., which bar counts as the "outer 
bar" with respect to the innermost bar? - so there is no 
APA for that galaxy in Table 0] The galaxy is almost 
face-on (i « 18°), so the interested reader can determine 
the various possible relative position angles using the ob- 
served bar position angles in Table without needing to 
do a deprojection. 

Details and special notes for these galaxies are given 
in Sect. 03 This includes discussions of sources for identifi- 
cations and measurements, how the outer-disk orientation 
was derived - e.g., from the outer isophotes, from H I kine- 
matics, etc. - and other items of interest. 

There are a number of other candidate double-barred 
or inner-disk galaxies which I do not list in the tables; 
these are discussed in Sect. El These are primarily cases 
where good measurements of one or both bars are not 
yet available, or where alternate explanations - strong 
dust lanes, nuclear rings, etc. - cannot be ruled out using 
the images currently available. The most promising can- 
didate (i.e., galaxies which are probably double-barred, 
but for which good measurements are not available) are 
NGC 2442, NGC 4274, and IC 454. One particularly in- 
teresting, though admitt e dly am biguous, case is the Milky 
Way itself, which lAlardl (|200l|) recently suggested might 
be double-barred. 

Finally, candidate galaxies which were rejected as be- 
ing single-haired (or even unbarred) are listed in Sect.0 
along with the reasons for rejection. 

A statistical analysis of these measurements will be 
presented in Paper II. 

5. Notes on Individual Galaxies 

For each galaxy, I first list the "source" - i.e., the ci- 
tation^) where the double-bar identification was first 
made, along with significant early studies of the double- 
bar/inner-disk system as such - and then briefly dis- 
cuss where the bar, disk, and other measurements come 



from. Unless otherwise noted, outer-disk position angle 
an d inclination are taken from the 25th-magnitude values 
in Ide Vaucouleurs et al J l|l99ll hereafter RC3) 2 , and dis- 
tances are based on the redshift listed in LED A, corrected 
for Virgocentric motion l)Paturel et al.Lfl99^ . and assum- 
ing a Hubble constant Hq = 75 km s _1 Mpc -1 . Similarly, 
central velocity dispersion ctq is from the compilation of 
iMcElrovl l|l995|) . unless other wise noted. 

NGC 151 (inner disk1: lMarauez et alJ l)l999j) . from 
which the bar measurements were taken. Inner-disk mea- 
surements are from a NICMOS3 F160W image, and agree 
well with the M arquez et al. values. 

NGC 357: iMulchaev et~a"fl <|l997h . Outer-bar mea- 
surements are from the publically available X-band im- 
age of Mulchaey et al.; inner-bar measurements are from 
a NICMOS2 F160W image. Outer disk inclination and PA 
are from ellipse fits to an unpublished, deep /-band image 
by Alfonso Lopez Aguerri and Enrico Maria Corsini . 

NGC 470 (in ner disk): IWozniak et"a"fl l|l995h and 
iFriedli et alJ l|l996t) . Bar a nd inner- disk measu rements are 
based on the e l lipse f its of IFriedli et alJ 1 1996?) : cr is from 
IPrueniel et all ll200ll) 

NGC 718: lErwinl(|2000h : see lErwin Snarkel l|2003h . 
Adopted inner-bar -Lw is that of the blue nuclear ring in 
lErwin fc Snarkel 11200% 

NGC 1068 (M77): ISchinnerer et~all \2QQ(t\ . 
Depending on how one counts, as many as five separate 
bars have been suggested for this galaxy. The bar uni- 
ver sally agreed upon is that first foun d in the near-IR 
bv IScoville et alJ i|l988h . with a - 17". ISchinnerer et alJ 
(2000J) presented both imaging and kinematic evidence 
for a much larger, rounder bar ou tside; this is the same 
as the "oval disk" discussed by iKormendv fc Normanl 
l|l979l) . This galaxy is thus similar to NGC 4736 (below): 
a fairly strong and large inner bar resides inside a very 
large, weak outer bar/oval disk. The measurements 
presented here are based on the images and ellipse fits of 
lAlonso-Herrero et alJ l|1998f) for the inner bar (with Lbar 
based on the size of the nuclear pseudo-ring surrounding 
it) and on the 2MASS J-band image for the outer 
bar. Distance, inclination, and outer-disk PA are from 
Schinnerer et al. and references therein. 

Other studies have proposed additional, smaller bars 
for this galaxy, but th e evide nce for these is ambiguous or 
dubious jRouan et al.l l|l998|) . using adaptive-optics, near- 
IR images and archival F547M WFPC2 images, suggested 
no fewer than three nested bars, all smaller than the well- 
known 17" bar (i.e., the inner bar in this catalog). At 
least some of these features are probably due to dust and 
scatt ered nuclear radia t ion, and possibly the ra dio jet as 
well JWeinberger et all Il99flt iBock et all l2000h . Finally, 
lLaine et, alJ l(2002l ) reported two bars: the well-known IR 
bar, and a smaller bar with deprojected a = 1.7", possi- 
bly matching the middle of Rouan et al.'s three bars. But 
Schinnerer et al. found no evidence for a nuclear bar on 



2 Inclination is derived from the axis ratio b/a, assuming an 
intrinsic disk thickness c/a — 0.2. 
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Table 1. General Data for Double-Barred Galaxies 



Name 


Type (RC3) 


B t , c 


R25 


i 


Disk PA 


Distance 


0"o 


Rot 








11 





O 


Mpc 


km s _1 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


NGC 357 


SB(r)0/a 


12.49 


72 


37 


20 


31.6 






NGC 718 


SAB(s)a 


12.34 


71 


30 


5 


22.6 


127 


+ 


NGC 1068 


(R)SA(rs)b 


9.23 


212 


40 


98 


14.7 


148 


+ 


NGC 1097 


(Ri)SB(rl)b 


9.76 


279 


46 


134 


14.3 




— 


NGC 1241 


SB(rs)b 


12.11 


84 


55 


145 


52.1 




+ 


NGC 1291 


(Ri)SB(l)0/a 


9.49 


293 


6 




7.9 


186 


+ 


NGC 1317 


(R')SAB(rl)0/a 


11.74 


83 


30 


78 


19.3 






NGC 1433 


(Ri)SB(rs)ab 


10.54 


194 


33 


21 


10.8 






NGC 1543 


(R)SB(1)0° 


11.39 


147 


20 




20.0 


158 




NGC 1808 


(Ri)SAB(s:)b 


10.30 


194 


50 


133 


10.2 


148 


■ 


NGC 2217 


(R)SB(rs)0+ 


11.36 


134 


22 


5 


18.9 


232 


+ 


NGC 2642 


SB(r)bc 


13.07 


61 


24 


140 


56.8 




— 


NGC 2646 


SB(r)0° 


13.53 


40 


21 




52.2 


222 




NGC 2681 


(R')SAB(rs)0/a 


10.98 


109 


18 


140 


17.2 


111 


+ 


NGC 2859 


(R)SB(r)0+ 


11.71 


128 


25 


90 


24.3 


177 


+ 


NGC 2950 


(R)SB(r)0° 


11.73 


80 


48 


120 


14.9 


183 


+ 


NGC 2962 


(R)SAB(rs)0+ 


12.72 


79 


53 


10 


30.0 


192 


— 


NGC 3081 


(R'i)SAB(r)0/a 


12.71 


63 


34 


97 


29.9 




+ 


NGC 3275 


SB(r)a 


11.98 


85 


42 


122 


40.5 




+ 


NGC 3358 


(R^)SAB(l)ab 


11.85 


99 


42 


125 


37.3 




— 


NGC 3368 


SAB(rs)ab 


9.75 


228 


50 


172 


10.5 


114 


— 


NGC 3393 


(R')SB(s)ab 


12.79 


66 


25 




48.3 


184 


+ 


NGC 3941 


SB(s)0° 


11.13 


104 


51 


10 


12.2 


175 


+? 


NGC 3945 


(R)SB(rs)0 + 


11.54 


158 


50 


158 


19.3 


165 


_? 


NGC 4303 


SAB(rs)bc 


10.04 


194 


25 


138 


15.3 


96 


— 


NGC 4314 


SB(rs)a 


11.28 


125 


25 


65 


12.0 


117 


+ 


NGC 4321 


SAB(s)bc 


9.79 


222 


27 


153 


15.2 


94 


+ 


NGC 4340 


SB(r)0 + 


11.99 


105 


50 


95 


15.3 


113 


— 


NGC 4503 


SB0~: 


11.82 


106 


64 


12 


15.3 


118 


+ 


NGC 4725 


SAB(r)ab 


9.74 


321 


42 


40 


12.4 


155 


— 


NGC 4736 


(R)SA(r)ab 


8.68 


337 


35 


113 


5.2 


136 




NGC 4785 


(R')SAB(r)ab 


11.80 


59 


64 


81 


46.4 


186 




NGC 4984 


(R)SAB(rs)0+ 


11.96 


84 


40 


15 


15.6 






NGC 5365 


(L)SB(s)0" 


11.92 


89 


48 


4 


30.5 


232 


■ 


NGC 5728 


(R'OSAB^a 


11.79 


93 


40 


2 


36.9 


209 


— 


NGC 5850 


SB(r)b 


11.45 


128 


30 


163 


35.2 




+ 


NGC 6654 


(R')SB(s)0/a 


12.63 


79 


44 





28.3 




— 


NGC 6684 


(L)SB(r)0 + 


11.00 


119 


51 


36 


13.9 


110 




NGC 6782 


(R'OSBWO/a 


12.26 


66 


41 


45 


48.5 


140 


+ 


NGC 7098 


(R)SAB(r)a 


11.94 


122 


42 


75 


28.0 






NGC 7187 


(R)SAB(r)0+ 


13.57 


41 


26 


134 


33.8 




■ 


NGC 7280 


SAB(r)0 + 


12.80 


66 


48 


72 


24.3 


111 


+? 


NGC 7716 


SAB(r)b: 


12.63 


64 


34 


35 


34.1 




+ 


Mrk 573 


(R)SAB(rs)0+: 


14.49 


40 


12 




68.3 


130 


— 


UGC 524 


(R')SB(s)b 


14.39 


31 


21 


120 


145.0 




+ 


ESO 215-G031 


(Ri)SB(r)b 


12.18 


70 


42 


130 


33.6 




+ 


ESO 320-G030 


(Ri)SAB(r)a 


13.16 


67 


54 


121 


40.1 






ESO 443-G039 


SO? 


13.43 


40 


58 


14 


39.1 


132 




ESO 447-G030 


(R)SAB(rl)0+ 


12.98 


43 


50 


35 


37.6 


163 




IRAS 03565+2139 


SBa? 


14.91 


17 


20 




101.0 







Col. (1): Galaxy name. Col. (2): Morphological type from NED (primarily from RC3). 
Col. (3): Total corrected B-band magnitude, from LEDA. Col. (4): One-half of the /j,b = 
25 diameter from RC3. Col. (5): Galaxy inclination. Col. (6): Position angle of galaxy 
major axis. Col. (7): Distance in Mpc. Col. (8): Central velocity dispersion. Col. (9): 
Sense of spiral arm rotation ("+" = clockwise, " — " = counter-clockwise). Col. (10): 
Notes for individual galaxies: 1 = Triple-barred galaxy. 2 = Also has an inner disk. 3 = 
Morphological type is visual estimate (none listed in NED) . Sources of data for individual 
galaxies are discussed in Sect.|S] 
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Table 2. General Data for Barred Galaxies with Inner Disks 







Name 


Type (RC3) 


B t , c 


R25 


i 


Disk PA Distance 


O"0 


Rot 


Notes 








it 








Mpc 


km s _1 






(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


NGC 151 


SB(r)bc 


11.65 


111 


65 


75 


48.9 




+ 




NGC 470 


SA(rs)b 


11.99 


84 


56 


155 


31.3 


143 


+ 




NGC 1398 


(RiRi,)SB(rs)ab 


10.29 


212 


45 


96 


16.1 


205 


+ 




NGC 2787 


SB(r)0+ 


11.27 


95 


55 


109 


7.5 


195 


+ 




NGC 2880 


SB0~ 


12.32 


62 


52 


144 


21.9 


142 


_? 




NGC 3266 


SABO ? 


13.58 


46 


35 


85 


25.1 


116 




1 


NGC 3384 


SB(s)0°: 


10.68 


165 


61 


50 


11.6 


140 






NGC 3412 


SB(s)0° 


11.29 


109 


52 


153 


11.3 


108 






NGC 4143 


SAB(s)0° 


11.70 


69 


59 


144 


15.9 


270 


— 




NGC 4262 


SB(s)V? 


12.26 


56 


29 


153 


15.3 


188 






NGC 4386 


SABO : 


12.47 


74 


48 


140 


27.0 


197 




1 


NGC 4612 


(R)SAB0° 


12.08 


74 


44 


143 


15.3 


61 






NGC 4754 


SB(r)0": 


11.40 


137 


63 


23 


16.8 


200 




1 


NGC 7007 


SAO": 


12.90 


57 


55 


2 


37.6 


145 






UGC 6062 


SAB(r)0° 


13.29 


36 


55 


25 


35.7 


178 




1 


ESO 378-G020 


SB(rs)0°? 


13.17 


39 


57 


34 


38.3 


132 




1 


ESQ 443-G017 


(R)SB(rl)0/a 


13.53 


42 


50 


23 


39.3 









Columns are the same as for Table As noted in Table the double-barred galaxies 
NGC 3368, 3945, 4785, and 7187 also have inner disks; to save space, they are not repeated 
here. Notes for individual galaxies: 1 = unsharp masking suggests inner disk is probably 
an inner bar. Sources of data for individual galaxies are discussed in Sect.|S| 



those size scales, and argued instead for a warped molec- 
ular disk, which might explain some of the features seen 
by Rouan et al. and Laine et al. 

NG C 1097: IShaw et alJ Jl993h and lButa fc Crocked 
l)l993|h Outer-bar measurements are from the 2MASS H- 
band image, except that is from the /-band ellipse 
fits of IWozniak et al.l l|l995j) . which are higher resolution, 
and Lbar is from spiral arms trailin g off the ends of the 
bar, as seen in the 7/im ISO image (Roussel et all l200lL 
available vi a NED). Inner - bar m easurements are based 
on those of lOu illen et al] jl995l ) and th e ellipse fits in 
IShaw et all l|l993h and lFriedli et all ljl99rf) . Outer-disk PA 
and inclination are from H 1 and emission-line k i nema tics 
jOndrechen et all [l989l IStorchi-Bergman et allll996|) . 

NGC 1241: lLaine et alJ l)2002|) . Outer-bar measure- 
ments are from a NICMOS3 F160W image, with inner-bar 
measurements from a NICMOS2 F160W image; the inner- 
bar a e is based on an extremum in the ellipse-fit PA, and 
^bar is from the size of the nuclear ring . 

NGC 1291: Ide Vaucouleursl ^1974 Il975|) . Outer-bar 
measurement s are f r om th e DSS2 red image, except for 
bar PA from iButal 119951) . Inner-bar measurements are 
from an /-band image (courtesy Oak-Kyung Park). Dis k 
inclination is from Hi kinematics l|van Driel et allll988|) : 
the disk PA is un defined. 

NGC 1317: ISchweizerl l|l980l) . Outer-bar measure- 
ments are from the p ublically available i?-band image of 
Marcum et a l. (2001); inner-bar measurements are from 
the p ublically available K-b&nd image of iMulchaev et alJ 
lll997l) . except that Lbar is from size of the inner Ha nu- 
clear ring . The outer-disk inclina tion is from the axis ratio 
quoted in lButa fc Crocker! 1^993) ; the distance is a default 



value fo r the Fornax Clu s ter, fr om the HST Key Project 
study of iFreedman et akl l|200llh 

NGC 1 398 (inner diskVlErwin et alJ l|2004l) . based 
partly on ljungwiert et al ] lll997lh The inner "triax- 
ial bulge" id e ntified by Jungwiert et al. (see also 
IWozniak et all Il995t) . with a £ w 13", appears to be a 
large stellar nuclear ring; the inner disk listed here shows 
up in H ST images. Bar mea sure ments are from the ellips e 
fits of IWozniak et alJ l|l995|) and I Jungwiert et all (|l997|) ; 
inner-disk measurements are from WFPC2 F606W and 
F814W images . Outer-disk inclination and PA are from 
H 1 kinematics ( Moore & Gottcsma nl ll995lh 

NG C 1433: ISandage fc Brucatd (|l979j) and IButal 
Outer-bar meas ure ments are from the ellipse fits 
of lWozniak et alJ (|l995|) and lButa et "all (|200l|) . with L bar 
from the size of the inner ring in Buta et al. Inner-bar 
measu rements are from the ellipse-fits of ljungwiert et alJ 
lll997l) . with Lbar from size of nuclear ring (Buta et al.). 
Outer-disk inclinat ion and PA are from H 1 kinematics 
l|Rvder et allll996|) . 

NGC 1543: Ide Vaucouleursl l|l975|) and 
ISandage fc Brucatol l)l979(l . Outer-bar measurements 
are from a DSS image; inner-bar measurements are from 
WFPC2 F814W images, with L ba r from the size of the 
stellar nuclear ring. Outer disk in clination is from the 
axis ratio quoted i n iButa fc Crocker! l(l993h : distance is 
from iTonrv et al.l l|200ll surface-brightness fluctuation). 
See Fig. 02 

NGC 1808: iKotilainen et alJ dl996l) 

iTaccqni-Garman et al.1 l|l99fjh and ljungwiert et alJ 
lll997h . Outer-bar measurements are from publically 
available i/-band image of the OSU Bright Spiral Galaxy 
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burvey l|Eskridge et all 120021): inner-bar measurements 
are from the ellipse fits of lJungwiert et all l)l997j) . Outer- 
disk inclination is based on the axi s ratio of the outer 
spiral arms listed in iKoribalski et all l|l993j) . 

The outer bar in this galaxy is quite peculiar (similar 
to those of NGC 4725 and ESO 443-39), and its position 

angle is somewha t ill-defined. 

NGC 2217: lJungwiert et all l|l997j) . Measurements 
for both bars are from the ellipse fits of Jungwier t et al ., 
except that L har for outer bar is from lOhta etafl lll99(t . 
based on the decline of the bar-interbar intensity ratio 3 . 
Outer-disk inclinatio n and PA are from stellar kinematics 
l|Bettoni et allll990l). 

NGC 2642: lErwin et alJ l)2004|) . Bar measurements 
are from a NICMOS3 F160W image, with Lbar for inner 
bar from size of the nuclear ring and Lbar for outer bar 
from size of the i nner ring /spi r al arm s encircling the bar. 

NGC 2646: iErwin et all l)2004[) . Bar measurements 
are from ellipse fits to an i?-band image. Disk PA is un- 
known; RC3 gives nearl y circular outer isophotes. 
NGC 2681: IWozuiak et all (Il995l) 



lErwin fc Sparke! (jl999l) . See lErwin fc . Sparkel |2f 
NGC 2787 (inn er disk^: lErwinl (BOOT 



and 



lErwin fc Snarkei ll2003h. The inner disk is discussed in 

greater detail in lErwin et all (120031). 

NGC 2859: IKormendvl lll979L Il982al) and 



IWozniak et"aD l)l995|h See lErwin fc Sparke 
NGC 2880 (in ner disk^: lErwir 




see 



NGC 2950: 


iKormendvl Jl979l 


|i2S2al 


and 


IWozniak et all dl995l). SeelErwin & Sparke 


(2003) 


NGC 2962: 


Erwinl 


POOOJ); see 


Erwin & Sparke! 



(1200: 

NGC 3081: lButal dl990^. Outer-b a r measurements 
are ba sed o n those of iFriedli et al.l lll99fit ). lMnlchaev et al.l 
(|l997t) . and lButa fc Purcelll l|l998|k L bar is from the size 
of the inner ring, measured in the publically available K- 
band image of Mulchaey et al. Measurements for inner 
bar are from a NICMOS2 F160W image; L bar is from the 
size of the nuclear ring. Disk inclination and PA are from 
kinematic and photometric argume nts in Buta fc Purcell. 

NGC 3266 (inner disk): lErwin et all l|2004h . 
Bar measu r emen ts are from WFPC2 F702W images 
ijRest et all 1200 ll) ; the outer disk orientation is from el- 
lipse fits to the WF PC2 mosaic image, and cto is from 
IWegner et alJ l|2003h . Unsharp masking suggests that the 

inner disk is pro bably an inner ba r. 

NGC 3275: iMulchaev et all l|l997t) . Outer-bar mea- 
surements are from the publically available images of 
Mulchaey et al.; inner-bar measurements are from a 
NICMOS3 F160W image, with L bar based on the nuclear 
ring size. 



NGC 3358: lButa fc Crocker! l|l99ll Il993h . Bar mea- 
surements are from ellipse fits to V- and /-band images 

3 lErwin fc Sparke) ll2003t) found that the Ohta et al. measure- 
ments were a good match to their definition of Lb ar , and the 
ellipse fits for this galaxy do not provide useful constraints. 



(outer bar a e is from PA minimum), with outer disk posi- 
tion angle from ellipse fits to a B-band image, all kindly 
provided by Ron B uta. Outer disk inclinati on is from the 
axis ratio quoted in lButa fc Crocker! l)l993() . 

NG C 3368 (M96; doub le bar + inner disk): 
Source: lJungwiert et alJ (Il997t) . The iLband image of 
Jungwiert et al. is not large enough to fully cover the 
outer bar; thus, the "double bar" they reported is actu- 
ally the inner bar + an intermediate elliptical structure, 
identified here as an inner disk due to its low ellipticity 
and alignment with the outer disk. Outer-bar, inner-disk, 
and inner-bar measure ments are from the p ublically avail- 
able A'-band image of iMollenhoff fc HeidtJ l|200l|) . except 
that inner-bar a e is based on ellipse fits to a N1CMOS2 
F160W imag e and Lbar on the size of the nuclear ring. See 
lErwinl |2003) for a discussion of the outer -disk orientation ; 
dista nce is from Cepheid measurements (jFreedman et all 
l200ll) . 

NGC 3384 (inner disk): iBusarello etaD HUhJ. 

Outer-bar measurements are from the ellipse fits of 
Busarello et al.; a e in this case is actually the elliptic- 
ity minimum, which is also the extremum in the PA twist. 
Bar PA is from analysis of Busarello et al., which showed 
that the best ellipse-fit PA for the bar is ~ 60° away 
from the bar's true position angle. (The problems with 
the ellipse fits comes from the fact that this galaxy is 
highly inclined, and the bar is very close to the projected 
minor axis.) Inner disk measurements are from WFPC2 
F814W and NICM OS2 F160W images. Distance is from 
iTonrv et al.l l|200ll surface-brightness fluctuation), and an 
is the average of several recent measurements l)FisherL 
Il99i iNeistein et all Il999l Fehna.rdt et al I Eool . 

lJungwiert et al.l 



NGC 



3393: 



1997), 



2000). 



lAlonso-Herrero et alJ l)l998|) . and lGreusard et al.l 
Bar measuremen ts are based the pub lically available 
Af-band image of Mulchac v et al ] lll997h , plus the near- 
IR ellipse fits of Jungwiert et al. and Greusar d et al. 
Outer-disk inclination is from iKornreich et al.l Jl99 



sec 



outer-disk PA is undefined due to th e low in c linatio n. 

NGC 3412 (in ner disk): lErwinl l|200 ' 
lErwin fc SnaTkel <l2p03h. 

NGC 3941: lErwinl l(2000l) : see lErwin fc Sparkel 



1200.1 

NGC 3945 (dou ble bar + inn er disk): 

I Kormendvl Jl979L Il982a|) a ndlWozniak et al l \ 19951) . See 
lErwin fc Sparkel l)l999h and lErwin fc Sparkel (120031); for a 
det ailed study of the inn er disk, see lErwin et alJ (|2003l) . 

IWozniak et alJ (^95) suggested this galaxy mi ght be 
triply barred (it is list e d as s uch bv iMoiseevl l200lh : how- 
ever, lErwin fc Sparkel l)l999j) used HST images to show 
that it was double-barred, with a large inner disk dominat- 
ing the region between the two bars. Similar bar-disk-bar 
systems are NGC 3368, NGC 4785, and NG C 7187 

NGC 4143 (inner disk): lErwinl (|2000|) : see 
lErwin fc Sparkd (120031). Central velocity dispersion is 
from lDi Nella et alJ l)l995|) . 

NGC 4 2 62 (i nner disk): IShaw et all l|l995l) . See 
lErwin et al ] d2004l) for source of bar and disk mea- 
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surements. The distance is a default value for the 
Virgo Cluster, from the HST Key Project study of 

iFreedman et~al] l|200l|) . 

NGC 4303 (M61^: IColina fc Wadal (12000^ . Outer- 
bar measure ments are from the publica lly available K- 
band image of IMollenhoff fc HeidtJ (l200lfl . with i bar from 
a spiral arm crossing over the southern end of the bar; 
inner-bar measurements are from a NICMOS2 F160W im- 
age. Outer-di sk inclination and PA ar e from the kinematic 
arguments of ISchinnerer et all l|200l|) : the distance is the 
default Virgo Cluster distance (see note for NGC 4262). 

The outer-bar a £ is based on a minimum in the PA, 
since there is no clear ellipticity maximum wi thin the bar ; 
the e llipticity maximum at a ~ 45" (e.g., lLaine et all 
12002^ is due to spiral arms outside the bar. 

NGC 43 14: iBenedict etldl lll993l) . See 

lErwin fc Sparkel l|2003l) . and lErwinl ll2003h for mea- 

i W~ 



surem ents of the outer bar; <jq is from iBarth et alJ 
<|2002h - 

NGC 4321 (M I OOl: IPiercei lll986l) . IShaw et al l 
(|l995() . iKnanen et alJ l(l995al) . Outer-bar measurements 



are from ellipse fits to the 2MASS X-band image, with 
Lb&r from spiral arms crossing the ends of the bar; inner- 
bar measurements a r e from the near-IR ellipse fits in 
iPerez-Ranhrez et al Outer-disk inclination and 

PA are from the Hi kine matics of | Knap en et "all (^993); 
distance is from Cepheids l|FreedmaneTaITl27)o'l|i . 

NGC 4340: iKormendvl l|l979|) and IWozniak et ail 
l)l995|) . Bar and outer-disk measurements are from an 
MDM i?-band image obtained by Paul Schechter; inner- 
bar Lhar is from size of stellar nuclear ring; see Fig. 
and lErwin et alJ l)200l|) . The distance is the default Virgo 
Cluster distance (see note for NGC 4262). 

NGC 4386 (in ner disk): lErwinl l)2000|) : see 
lErwin fe Sparkel l)2003|) . Unsharp masking suggests that 
the inner disk is probably an inner bar. 

NGC 4503: lErwin et all (120041). Bar measu r ement s 
are from the ii-band image of I Jungwiert et all l|l997|) . 
courtesy Franchise Combes, for the outer bar and from a 
WFPC2 F702W image for the inner bar. The distance is 
the default for the Virgo Clust er (see note fo r NGC 4262). 

NGC 4612 (inner di sk) : lErwin et all !j200i) , based 
on I.Tungwiert et all l|l997h . All measurements, including 
outer-disk orientation, are from an MDM i?-band im- 
age, courtesy Paul Schechter; the outer-bar and outer-disk 
measurements agree well with measu rements made using 
the i?-band image of lFrei et al. (1996), available via NED. 
Central velocity dispersion is from lWegner et al.l ((2003). 

NGC 4725: lLaine et alJ l|2002|) Outer-bar mea sure- 
ments are from the r-band image of lFrei et al.l l|l996|) and 
a K -band image kindly provided by Johan Knapen, with 
Lhax from the inner ring; the outer bar is rather peculiar 
(similar to those of NGC 1808 and ESO 443-39), and its 
position angle is not well defined. Inner- bar measurem ents 
are from a NICMOS2 F160W image. See lErwinl £2003) for 
a discussion of the outer-disk orientation; the distan ce is 
from Ccpheid measurements IjFreedman et all 120011) . 



NGC 4736 (M94): IShaw et all lll993l) and 
IMollenhoff et~aTl lll995l) . As with NGC 1068, the outer 
bar is rather weak, and has been termed an "oval disk" 
rather than a bar. However, there is ample kinematic 
evidence t hat it rotates and behaves dynamically like a 
bar (e.g., IMollenhoff et all Il995t Ivan Driel etafl. Il996l 
and references therein). Outer disk PA is from the kine- 
matics and modeling of Mollenhoff et al. and van Driel 
et al., with inclination being the average of photometric 
and kinematic i nclinations from thos e studi es and the Hi 
obse rvations of iMulder fe van Driell lll993h . Distance is 
from lTonrv et alJ (|200lT surface-brightness fluctuation) . 
NGC 4785 (double bar + inner disk): 



iMarauez etlfl] (| 19991) . lErwin et all l(2004h . Bar and inner 
disk measurements are from a NIC MOS2 F160W image 
and the ellipse fits o flMarauez et alJ <)l999l) : outer-bar Lbar 
is from spiral arms/inner ring. I classify the "inner bar" 
of Marquez et al. as an inner disk; the inner bar listed 
here was noted by them as an "inner elongation" in their 
unsharp mask of the NICMOS image. The outer bar is 
somewhat weak and difficult to distinguish from the spi- 
ral arms ou t side it . The central velocity dispersion is from 
lOlivaet alJlll999l) . 

NGC 4754 (inner disk): IKormendvl (|l979|) ; 
IShaw et all l|l995l) . All measurements, including outer- 
disk orientation, are from WIYN i?-band i mages 



l Erwin et all l2004fk distance is from iTonrv et alJ (|200li 

surface-brightness fluctuation) . Unsharp masking suggests 
that the inner dis k is probably an i nner b ar. 

NGC 4984: I.Tungwiert et all l|l997h . Bar measure- 
ments are from the ellipse fits and isophotes in Jungwiert 
et al., wi th Lh ar for the outer ba r from the inner-ring size 
listed in iButa fc Crockerl l|l993f) . Because the galaxy has 
prominent inner and outer rings (the RC3 position angle 
is basically that of the inner ring/lens), the outer disk 
orientation is based on considerations of typical inner- 
and outer-ring orientations and axis ratios compared with 
th ose of the galaxy ' s ring s , simi lar to the approach used 
in lErwin fc Sparkd l|l999l l2003j) for other galaxies with 

strong outer rings. 

NGC 5365: iMulchaev etaP l|l997h . Bar 



measure- 
ments are from ellipse fits to the publically available K- 
band image of Mulchaey et al, with a e for the inner bar 
from an cxtrcmum in the PA. Outer disk orientation is 
from LEDA. 

NG C 5728: IShaw et alJ l|l993h and IButa fc Crockerl 
(199 3). Outer-bar measu reme nts are from the ell i pse fit s 
of lWozniak et all l|l995l ) and IPrada fc Gutierrez! l|l999l) : 
inner-bar measur ements are f rom t he near-IR ellipse fits 
and isophotes of IShaw et alJ l|l993|) . except that a e and 
e max are from the higher-resolution /-band ellipse fits of 
Prada & Gut ierrez. The outer disk or ientation is based on 
discussion in lNagar fc Wilsonl ll 19991). 

NGC 5850: IButa fc Crockerl l |l993|) . Bar measure- 
ments are from a Nordic O ptical Telescope J-band im- 



and the ncar-IR ellipse fits of Fricdli ct al. 


Jl996l). Lw is 


from the inner ring 1 Prieto et all 


1997) for the outer bar 
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and from the nuclear ring for the inner bar. Outer disk ori- 
entati on is from the Hi kinematic study of IHiedon et alJ 
dl998h . 

NGC 6654: lErwinl l|2000|) : see lErwin fc Soarkel 



NGC 6684: |Phillips et all l)l996j) . Outer-bar measure- 
ments are from a WFPC2 F814W mosaic image, with L\, ar 
from the size of the inner pseudo-ring; inner-bar measure- 
ments are from a NICMOS3 F160W image. Outer disk 
inclination and PA are from ellipse fits to an unpublished, 
deep /-band image by Alfonso Lopez Aguerri an d Enrico 
Maria Corsini; distance is from lTonrv et al. I (120011 surface- 
brightness fluctuation) . See Fig. |5| 

NGC 6782: iButa fc Crockel lll993l) and 
IWozniak et alJ (Il995|). Outer-bar measu r ements are based 
on the ellipse fits of iFriedli et ahl l)l996|) . Ijungwiert et alJ 
l)l997|) . and a WFPC2 F814W image; inner-bar mea- 
surements are from the F814W image (good agreement 
with ellipse-fit values from Friedli et al. and Jungwiert 
et al.). Outer-disk inclination and PA ar e from the 
isophotal analysis in lOuillen fc Vr~o7el (|l997l) : 

tro is from 

lldiart et all (Il996f) . 

NGC 7007 (inner disk): iMulchaev et~aTl (|l997|) . 

Bar and inner-disk measurements are from the publically 
available if -band im age of Mulchaey et al; do is from 
IWegner et all l|2003l) . 

NGC 7098: So urce IButa fc Crocker! (Il993l) and 
Woz niak et al. (1995). Outer-bar measurements are from 
the ellipse fits and isophotes of lFriedli et al.l l|l996f) : inner- 
bar measurements are from a WFPC2 F814W image 
(good agreement with ellipse-fit values from Friedli et al.). 
Outer-disk inclination is from the axis ratio quoted in 
IButa fc Crockerll|l993[) . 

NG C 7187 (double bar + inner disk): iButal 
1990bl) and lWozniak et alJ l|l995l ). Outer-disk inclination 



and PA are from Buta; bar measureme nts are based on 
those of Buta and IWozniak et alJ l)l995|) . Adopted outer- 
bar length is that of the inner ring surrounding it. 

Woz niak et al. I (Il995l) identified this a triple-barred 
galaxy; however, the middle "bar" is low enough in el- 
lipticity and close enough in alignment to the outer disk 
to qualify as an inner disk, making this galaxy similar to 
NGC 3368, NGC 3 945, an d NGC 4785. 

NGC 7280: lErwinl l|2000|) : see lErwin fc Soarkel 



NGC 7716: lLaine et alJ (120021) . Outer-bar measure- 
ments are from the pu blically available A"-band image of 
IMulchaev et alJ l|l997|) : inner-bar measurements are from 
a NICMOS2 F160W image 

Mr k 573:ICaoetti et all l|l996h . lAlonso-Herrero et alJ 

l|l998() . lLaine et al.l l|2002f) suggested that this galaxy was 
triple-barred; however, the largest of their three bars, 
identified via ellipse f its, is actually an outer ring (e.g., 
lAfanasiev et al.l ll996). Out er-bar measurements are from 
the J-band ellipse fits of nso-H errero et al ] (Il998l) . 
with inner-bar measurements from a NICMOS1 F160W 
image; Lbar for the inner bar is from the nuclear ring. 



UGC 524: IPogge fc Martinil l)2002|) . Bar measure- 
ments are from a WFPC2 F8f4W image. Outer-disk in- 
clination and PA are from LEDA. 

UGC 6062 (inner disk^: lRest et alJ l|200l|) . Based 
on ellipse fits to the WFPC2 F702W images; bar and 
inner-disk position angles are from inspection of the 
isophotes and unsharp masks. The outer disk inclination 
and PA are from LEDA. Unsharp masking suggests that 
the inner disk is p robably an inner bar. 

ESO 215-31: IGreusard et"aD l|2000h . Bar measure- 
ments are from th e near-IR ellipse f its of Greusard et al. 

ESO 320-30: IGreusard etaD 1)20001) . Bar measure- 
ments are from the near-IR ellips e fits of Greusard et al. 

ESO 378-20 (inner disk): iRest et all (j200lh . Bar 
and inner disk measurements are from WFPC2 F702W 
images, with outer disk orientation from ellipse fit s to th e 
WFPC2 mosaic image; 00 is from IWegner et all <|2003|) . 
Unsharp masking suggests that the inner disk is probably 
an inner bar. 

ESO 443-17 (inner disk): IGreusard et"aD {2000). 
Bar measurements are from the near-IR ellipse and 
isophotes of Greus ard et al. 

ESO 443-39: IRest et alJ ll200l|) . Bar measurements 
are from WFPC2 F702W images; the outer bar is pe- 
culiar and difficult to measure accurately (similar to 
NGC 1 808 and NGC 4725 ). Central velocity dispersion 
is fromlWegner et aTl (12003 



ESO 447-30: IRest et alJ 1)20011) . Bar measurements 
are fro m WFPC2 F702W images; do is from lWegner et all 
(2003). The outer disk orientation is somewhat uncertain, 
since D25 coincides with an outer ring; however, all three 
rings (nuclear, inner, and outer) share a common PA of 
34-36° and ellipticities o f 0.32-0.37. 

IRAS 03565+2139: lErwin et"afl l)2004|) . Based on R- 
band observations by Chris Conselice and Jay Gallagher 
with the 3.5 m WIYN Telescope. Lbar values for the 
inner and outer bars are from the sizes of the nuclear 
and inner rings, respectively. The inclination is based 
on inverting the ff-band Tull y-Fisher relation (as given 
in iBinnev fc MerrifieldL Il99i. p. 425), us ing the ff-band 
magni tude and the H I width W20 from Ivan Driel et alJ 
l|l995l) . Note that van Driel et al. considered this to be a 
deviant from their T-F relation, but that conclusion was 
based on the assumption that the RC3 axis ratio was that 
of the outer disk; the i?-band image shows that the RC3 
axis ratio is actually that of the inn er ring, which is m ost 
likely not intrinsically circular fe.g.. lButaT Il986l Il995'l. 

6. Unconfirmed or Ambiguous Inner Bars and 
Disks 

Here, I list galaxies for which the evidence for a double- 
bar or inner-disk system is ambiguous or uncertain. Better 
observations (typically, near-IR and/or higher resolution) 
are needed in order to make definitive judgments one way 
or the other. This also includes some galaxies which are 
probably double-barred, but for which useful measure- 
ments are lacking. 



Peter Erwin: Double-Barred Galaxies 



13 



NG C 613 : Sug gested as double-barred by 
lJungwiert et al ] lll997ft . using their iJ-band image. 
Inspection of WFPC2 images reveals a pronounced and 
very elliptical nuclear ring with strong star formation, 
having the same size, ellipticity, and orientation as the 
suggested inner bar. While unsharp masking of the 
7J-band image (courtesy Franchise Combes) displays 
something like an inner bar feature, the bright ends of the 
"bar" are resolved into multiple star clusters in the HST 
images. This indicates that the feature is probably not 
an inner bar, but higher-resolution near-IR (preferably 
K-band) images are needed to decide one way or the 
other. 

NGC 1079: Listed bv IMoiseevI ll200lL on the basis of 
an ellipse-fit feature in I Jungwiertet^il.l |l997|) . However, 
the ellipticity peak is very weak, and Jungwiert et al. pre- 
ferred to attribute it to "bulge triaxiality." 

NGC 1326: This is one of two double-ba r red ga lax- 
ies originally discussed b v Ide Vaucouleursl lll974h : it 
has also been report ed by iButa fc Crocked (^93) and 
IWozniak et all l|l995h . Inspection of WFPC2 F814W im- 
ages shows very strong dust lanes inside a dusty, star- 
forming nuclear ring, which combine to produce the illu- 
sion of an inner bar. Near-IR images are needed to deter- 
mine if there might still be an inner bar inside the nuclear 
ring. 



NGC 1353: Jungwiert et alJ l)l997|) noted a possible 
inner bar, though they were doubtful given the galaxy's 
high inclination^ w 70°). Based on its orientation, the 
ellipse-fit peak noted by Jungwiert et al. is a candidate 
inner disk. Inspection of a WFPC2 F606W image shows 
a very dusty nuclear ring with r ~ 5" and complex dust 
lanes inside; this raises the possibility that residual dust 
extinction could cause the ellipse peak seen in H. Higher 
resolution near-IR imaging is needed to determine what is 
responsible for the ellipticit y peak. 

NG C 1371: Listed by IMoiseevI (|200lh . with a refer- 
ence to IWozniak et all l)l995[k however, this galaxy is not 
in the latter study. Since the bar sizes listed by Moiseev 
match those reported by Wozniak et al. for NGC 1317, 
this is probably an accidental transposition/d u plicat ion. 

NGC 1415: ICarcia-Barreto fc Morenol ifeoorj) re- 
ported an inner "stellar bar" in red continuum images 
of this barred Sa. Since the position angle they report 
(~ 150°) is very close to the RC3 position angle (148°), 
this is a candidate inner disk. No archival images are avail- 
able; 2MASS images also suggest an inner elliptical fea- 
ture, but there are indications of isophote twists, so this 
might be a nuclear spiral instead. Higher-resolution near- 
IR images are needed. 

NGC 2 339: Suggested as double-barred by 
lLaine et alJ l|2002|) . Inspection of WFPC2 F606W 
and NICMOS2 F110W and F160W images indicates that 
the nuclear region has both strong dust lanes and star 
formation; the "bar" detected by Laine et al. appears to 
be an IR-bright (star-forming?) ring, with at least two 
bright nuclei inside. Higher-resolution i-T-band images are 
probably needed to be certain there is no inner bar here. 



NGC 26 39: Suggested as double-bar red by 

IMarauez etldl l|l999|) . though lLaine et alJ l)2002l) 
found no bars in their analysis of this galaxy. Inspection, 
ellipse fitting, and unsharp masking of the NICMOS2 and 
NICMOS3 F160W and WFPC2 F547M images shows 
some evidence for a weak bar with a ~ 4-5" (note that 
this does not match either of Marquez et al.'s proposed 
bars), oriented almost parallel with the projected outer 
disk; its presence is primarily signaled by the appearance 
of two classic, curved leading-edge dust lanes and a weak 
feature in the iJ-band ellipse fits. These dust lanes curve 
together at r < 1.5" and meet in a chaotic, dusty region. 
There is tenuous evidence for a very weak elliptical 
feature with a ~ 1.0" in the ii-band ellipse fits, but there 
is also some indication that the dust seen in the WFPC2 
image is distorting the J?-band isophote s. 

NGC 2442: Suggested bv IMoiseevI <l200lL based on 
the su g gestion of a triaxial bulg e by lBaumgart fc Peterson! 
( 198(j); lJungwiert et al ] lll997t) list this in their "twisted 
isophotes" category. Inspection of their 7J-band isophotes 
suggests there may be a nuclear bar with a ~ 2.5-3"; 
higher-resolution observations are needed for confirma- 
tion and accurate measurements. The outer bar is peculiar 
and difficult to define; it is somewhat similar to those of 
NGC 1808 and NGC 4725. 

NGC 2685: lErwin fc Sna.rkel l|2002l l200fl listed this 
among their inner-disk galaxies. While the inner disk 
identification is strong, identification of the "spindle" as 
a bar (rather than a highly inclined large-scale disk) 
is sufficiently uncertain that this should probably not 
be considered a barr ed galaxy (see the discussion in 
lErwin fc Sna7kell2003l) . 

NGC 2782: Suggested bv lJoeee et aT1l)l999|) . As they 
point out, the evidence for a nuclear bar is rather good, 
but the case for an outer bar (or outer oval, in this case) 
is uncertain. 

NGC 2811: Sugg ested bvlMarauez et alJ jl99flh . The 
near-IR ellipse fits of lJungwiert et alJ l)l997|) indicate a 
possible inner ellipticity peak, though it is at the limits 
of their resolution. Given the alignment, it is a candidate 
inner disk, but without higher resolution images the de- 
tection remains dubious. 

NG C 2935: Suggested by lJungwiert et alJ (|l997|) . 
Because IButa fc Crocked l|l993|) reported a nuclear ring 
in this galaxy, there is the possibility that the "inner bar" 
detection is due to, or affected by, the nuclear ring. This 
is a promising candidate, but no higher resolution images 
are available. 

NGC 3504: IPerez- Ramirez et alJ i|2000j) noted a pos- 
sible inner bar in this SBb galaxy, but also an apparent 
double nucleus. This latter feature makes it difficult to be 
certain about the inner bar. 

NGC 42 53: Suggested as double-barred by 

IMarauez et al.l l|l999|) . based on ellipse fits. Though 
these are at the probable limit of their re solution, they 
are pl ausible; however, the ellipse fits of IPeletier et alJ 
lll999h do not agree with this. Unfortunately, the 
NICMOS2 F160W image is marred by saturation and a 
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very strong diffraction pattern from the Seyfert nucleus. 
The inner isophotes appear fairly round and aligned with 
the (outer?) bar. The diffraction spikes are less severe in 
the WFPC2 F606W image, where there is no obvious sign 
of an inner bar. Strong dust lanes visible in the optical 
image c ould be the c a use o f the ellipse fit variations 
seen bv IMarauez et alJ (^)99); they also prevent a clear 
determination using the optical image. 

NGC 4 274: Suggested as double-barred by 
IShaw et al.l l) 19951) . Their near-IR image strongly 
suggests an inner bar, almost perpendicular to the outer 
bar, but no measurements are available. Unfortunately, 
the available WFPC2 images (F555W) show that the 
central region is extremely dusty, so near-IR images are 
required for measurement of the i nner bar. 

NGC 4290: Suggested by IMarauez et"aU l|l999|) . 
though they labeled it as "uncertain." Their near-IR el- 
lipse fits show an ellipticity peak, but without a stationary 
position angle, so a nuclear spiral is a possiblity. Higher- 
resolution images are nee ded. 

NGC 4594 rM014l: lEmsellem fc Ferruitl I^OOfj) sug- 
gested that the Sombrero Galaxy might be a double-bar 
system, based on color maps and 2D kinematics. The 
extremely high inclination of this galaxy makes finding 
(and measuring) any bar difficult, and Emscllcm & Fcrruit 
point to alternate explanations and emphasize the tenta- 
tive nature of this identification. (Part of the evidence for 
the inner bar is an apparent straight dust lane, evoking 
the classic leading - edge d ust l anes of large-scale bars: but 
iMacieiewski et all l|2002^ and IShlosman fc Hellerl l|2002}) 
argue, on the basis of hydrodynamical simulations of dou- 
ble bars, that straight dust lanes are probably not char- 
acteristic of inner bars.) 

NGC 4 750: Suggested as double-barred by 
lLaine et all <|2002l) . Inspection of NICMOS2 images 
show a clear, strong nuclear bar; however, the presence of 
the outer bar is much less certain. Optical images (includ- 
ing WFPC2 F606W) are too dusty to be useful. 2MASS 
near-IR images show an elliptical region corresponding to 
the a = 14" outer bar of Laine et al; however, unsharp 
masking shows that at least part of this structure is a 
tightly wrapped spiral/pseudo-ring. Higher- resolution 
and higher S /N near-IR images are needed to determine if 
a bar is present in addition to the spirals, and to properly 
measure its size and orientation. 

NGC 4941: iGreusard et"aD i|200(t found a nuclear 
bar in their near-IR images of this SABab galaxy, but 
argued that th e re wa s no outer bar. On the other hand, 
lEskridee et al.l l)2002t) classify the galaxy as SAB based 
on thei r low-resolution near-IR images, and iKormendvl 
1982b|) includes it in his list of galaxies with "oval disks," 



so it may be similar to NGC 1068 and NGC 4736: a galaxy 
with a strong inner bar and a weak outer bar. For the time 
being, the evidence for an outer bar remains too tenuous 
to classify this as a double-barred galaxy. 

NGC 5101 : Sugge sted as a possible double bar by 
l.lungwiert et alJ l|l997h . However, as they pointed out, 
the ellipticity peak is very weak and close to their seeing 



limit. Unsharp masking of their ii-band image (courtesy 
Francoise Combes) suggests a possible nuclear ring or spi- 
ral. No higher-resolution images are available. 

NGC 556 6: Suggested as double-barred by 

l.lungwiert et a H ill 997t) : the orientation of inner structure 
would make it an inner disk. However, unsharp masking of 
WFPC2 F606W images suggests that the inner elliptical 
feature is a pair of spiral arms. Due to the presence of 
numerous dust lanes, this is an uncertain classification; 
high-resolution near-IR images are needed to be certain 
one way or the other. 

NG C 5905: S uggested as double-barred by 
IWozniak et alJ l)l995|) : the proposed inner bar is near 
the limits of their resolution, and could be due to the 
nuclear ring they also report. Higher-resolution images, 
preferably near-IR, are needed. 

NGC 615 5 : Sug gested as a possble double bar by 
IMarauez et al.l (^999). In this case, it is the outer bar 
whose existence is in doubt; Marquez et al. note that it 
could be spirals arms instead. 

NGC 68 60: Suggested 

IMarauez et all l)l999|) . based 



as 
on 



double-barred by 
features in their 
near-IR ellipse fits and color maps. Because the ellipse-fit 
features (a < 2") are only slightly larger than their 
seeing (FWHM ss 0.9"), this is unfortunately not a clear 
detection; higher-resolution images are clearly needed. 
(The available HST images are off-center or too low in 
signal to be useful.) 

NGC 690 7: Sug gested as double-barred by 
lElmegreen et al.l l)l996l) . Examination of the publi- 
cally available _B-band and fl -band images from th e OSU 
Bright Spiral Galaxy Survey l|Eskridge et allfeoO^ shows 
a clear elliptical feature perfectly aligned with the outer 
disk, with apparently somewhat higher ellipticity (so this 
is not an inner disk). Unfortunately, available images do 
not have high enough resolution to rule out the possiblity 
of, e.g., a nuclear ring. The (outer?) bar is relatively 
short; ellipse-fit measurements are confused due to the 
strong spiral arms trailing off from the bar ends. 

NGC 7 742: Suggested as double-bar red by 

lLaine et alJ l|2002l) . though IWozniak et"aTI l|l995T) 
found no bars in their optical study. Inspection and 
unsharp masking of a NICMOS2 F160W image yields 
some evidence for a weak nuclear bar, matching the 
inner bar of Laine et al. Their outer bar, unfortunately, 
is difficult to confirm: it is either extraordinarily weak 
and round, or else an isophotal side effect of the bright, 

star-forming ring and its associated dust l anes. 

IC 454: Suggested as double-barred bv lMarauez et alJ 
l|l999j) . based on features in their near-IR ellipse fits. This 
is a promising candidate, but since the size of the apparent 
inner bar (a = 3") is only a little larger than their resolu- 
tion (seeing = 1.2-1.3"), it should probably be confirmed 
with higher resolution observations. 

IC 1816 : Sug gested as double-barred by 
IMarauez et al.l l|l999f) . though they were uncertain 
about the inner bar's existence. Examination, ellipse 
fits, and unsharp masking of a WFPC2 F606W image 
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indicates that the inner ellipticity peak is most likely 
due to a chaotic, possibly star-forming nuclear ring and 
associated dust lanes; high-resolution near-IR imaging 
needed to clearly determine if there is or is not an inner 
bar inside the nuclear ring. 

IC 2510: Sugge sted as a possible double bar by 
IMarauez et al.l 1^)99); the inner bar detection was based 
on only one method, so they considered it "doubtful." The 
WFPC2 F606W image shows a chaotic morphology domi- 
nated by dust; higher- resolution near-IR images are prob- 
ably needed to determine if there is an inner bar in this 
galaxy. 

M rk 1066: Suggest ed as dou b le-bar red bv lLaine et al.1 
l|2002|) : also listed bv iMoiseevI ll200lL on the basis of 
optica l images by lAfanasiev. Mikhailov. fc Shapovaloval 
l|l998h . Inspection of NICMOS2 F160W and F205W im- 
ages shows an elongated central region, matching the inner 
bar of Laine et al.; unfortunately, strong isophote twisting, 
dust lanes, and IR-bright spiral structure make it difficult 
to be certain this is a bar, rather than an inclined or dis- 
torted pair of spiral arms. 

UGC 32 23: Suggested as double-barred by 

IMarauez et al.l l|l999() . though they were uncertain 
about the inner bar's existence; their ellipse fits just 
barely suggest something might be there. Nothing barlike 
is apparent in a WFPC2 F606W image, though there are 
strong dust lanes. Higher-resolution infrared images are 
needed. 

ESO 323-77: iGreusard et~aD l)2000|) listed this as a 
"bar + triaxial bulge" object; the orientation of the in- 
ner ellipticity peak suggests a possible inner disk (PA = 
156°, versus 155° for outer disk from RC3). Inspection of 
WFPC2 F606W images shows tightly wrapped spiral arms 
in the nuclear region, with some bright knots possibly in- 
dicating star formation. High-resolution near-IR imaging 
is needed to determine if the near-IR isophote twists seen 
by Greusard et al. are solely due to the spiral arms. 

ESO 437-67: Suggested bv l.lungwiert et all <|l997h . 

However, the proposed secondary bar is too small to be 
securely identified; higher resolution images needed, as 
Jungwiert et al. note. 

ESO 508-78: Suggested by l|Buta fc Crockerl Il99ll 

Il993j) . Inspection of images kindly provided by Ron Buta 
shows a possible elliptical feature in the galaxy center, 
but the resolution is not good enough to clearly determine 
whether it is an inner bar or not. 

Milky Way: I Alar dl l|200lj) recently presented evidence 
for an asymmetric planar structure in the central 2-3° 
of the galactic center, seen in near-IR star counts from 
2MASS after subtracting the contribution of the known, 
large-scale bar. The asymmetry suggests a different orien- 
tation than that of the large-scale bar, which might indi- 
cate a sm all bar seen at an an int ermediate position angle. 
However, Ivan Loon et alJ l|2003|) argue, from an analysis 
of ISOGAL and DENIS data, that the inner ~ 1 kpc of 
the Galaxy is axisymmetric. 



7. Misclassified Single-Bar (or Unbarred) Galaxies 

The following list contains galaxies which have been sug- 
gested as being double-barred or inner-disk galaxies, but 
which a careful analysis (often using archival HST images) 
indicates are probably not. In many cases, there is a dis- 
tinct feature inside a large-scale bar which masquerades 
as an inner bar, but it is a nuclear ring or nuclear spiral - 
or simply strong dust lanes - instead. 

NGC 1300: Suggested as a possible double bar 
bv IMoiseevI ll200lh. on the basis of optical plates in 
iBaumgart fc Peterson! lll98fil). Using ground-bas e d and 
NICMOS near-IR images. IPerez-Raimrez et all l|2000h 
found a nuclear ring, but no evidence for an inner bar. 

NG C 136 5: Su ggested as doubl e- barre d by 
lJungwiert et alJ l)l997|) and ILaine et all l)2002|) . us- 
ing ground-based and NICMOS images, respectively. 
Inspection of the NICMOS images shows that the ellip- 
ticity peak is due to a nuclear ring, with no evidence 
for a bar insid e ; a s imilar conclusion was reached by 
lEmsellem et alJ ()200l|) based on stellar kinematics from 
long-slit spectroscopy. 

NGC 1512: Listed bv lMoiseeyl feOOll). on the basis o f 
weak ellipse-fit features noted bv lJungwiert et al ] lll997ft 
in their near-IR images (which they interpreted as ev- 
idence for a triaxial bulge). Examination of NICMOS2 
archival images (F160W and F187W) shows a narrow, 
star-forming nuclear ring, with no evidence for any bar 
inside. The slight PA and ellipticity variations seen by 
Jungwiert et al. are almost certainly due to the nuclear 
ring. 

NG C 1530 : Suggested as double-barred by 
ILaine et al] l|2002h on the basis of ellipse fit s to N ICMOS 
images. However, IPerez-Raimrez et al.1 l|2f)0f)l) . using 
ground-based near-IR images, argued that a nuclear 
spiral is main inner feature. Inspection of the NICMOS 2 
F160W image and unsharp masks strong ly suggests a 
nucle ar spiral rather than a bar (see also iMartini et all 
I2f)n3h . There is some suggestion from both the F160W 
image and from the WFPC2 F606W images that the 
innermost spiral may be lopsided, with one arm brighter 
than the other. 

NGC 1566: Listed bv IMoiseevI ll200lh. based on the 
sugges tion of a triaxial bulge bv IBaumgart fc Peterson! 
l|l98d) . Inspection of F606W and F814W WFPC2 images 
shows strong dust lanes leading to a nucl ear spiral in the 
inner r < 3" region. The if-band image of lMulchaev et all 
(1997) shows no inner ellipticity peak and only a slight 
twist in the position angle, most likely due to the nuclear 
spiral. 

NGC 1667: Suggested as double-barred by 
ILaine et"al] ll2002l ) Insp ection of the if- band image 
of lMulchaev et a.lJ <|1 997h . the NICMOS2 F160W image, 
and the WFPC2 F606W image all indicate that "outer 
bar" is really a pair of spiral arms (as noted by Mulchaey 
et al.); see Fig- El In this case, it is the "inner" bar which 
is evidently the genuine (and only) bar in this galaxy; 
isophote twists interior to it are due to strong dust lanes. 
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NGC 1672: Listed bv IMoiseevI ll200lL based on the 
sugges tion of a triaxial bulge bv iBaumgart fc Petersonl 
l|l986(l . Inspection of F814W WFPC2 and F160W 
NICMOS2 images show a broad, star -forming nuclear ring , 
with a nuclear spiral inside (see also lMartini et all 120 03). 
Although the latter is dusty, the dust is confined to the 
eastern side; there is no sign of an inner bar. 

NGC 227 3: Suggested as double-barred by 

iMulchaev et alJ l|l997l) . Optical and near-IR HST 
images show inner bar is nucle ar ring with two - armed 
spiral inside (see F ig. 0] and lErwin fc Sparkel 120031: 
iMartini et alll2003|) . 

NGC 2712: Suggested as double-barred by 
iMarauez et al.l l|l999l) . based on their near-IR images. In 
this case, inspection of unpublished, higher-resolution J 
and if-band images from the William Herschel Telescope 
(Erwin, Vega Beltan, & Beckman, in prep) shows that 
the inner elliptical feature identified by Marquez et al. is 
a somewhat irregular nuclear ring; there is no evidence 
for a bar inside t his ring. 

NG C 3359: ISemoerel l|l999l) and iRozas fc Semnerel 
( 2000) suggested that this galaxy might have two decou- 
pled bars, based on attempts to match hydrodynamic sim- 
ulations to H 1 and Ha morphology, and on evidence of 
isophote twisting inside the "main" bar in an /-band im- 
age. However, a nalysis of a deep /-band ima ge from the 
BARS Project llLourenso fc Beckman L 2001) and of the 
ZC-band image of iMollenhoff fc Heidti (|2001|) shows evi- 
dence for only one (stellar) bar, with a radius of ~ 15-20". 
The isophote twisting in the / band is absent at K, and 
is almost certainly due to dust rather than to an inner 
bar. (This does not rule out multiple pattern speeds in 
the galaxy, however: the two pattern speeds reported by 
Rozas & Sempere could be those of the bar and the outer 
spirals, respectively.) 

NGC 3786: Li sted in iMoiseevI ll200lh. on the basis 
of opt ical images in lAfanasiev. Mikhailov. fc Shapovaloval 
l|l998|) . However. IMoiseevI i|2002|) reported that the "outer 
bar" is really spiral arms, and there is no sign of any large- 
scale bar in the WFPC2 F606W image 

NGC 4371: IWozniak et"aH l|l995h suggested this 
galaxy might be triply barred (it is listed as such by 
IMoiseevI l200l|) . but pointed out that high inclination 
and alignment of inner two "bars" with outer disk could 
mean that they w ere projected axisymmetric structures; 
iKormendvl l|l979h noted a possible secondary bar in this 
galaxy, which co rresponds to the middl e of W95's three 
ellipticity peaks. lErwin fc Sparkel 1 19991) showed that the 
middle ellipticity peak was due to a bright, stellar ring; 
the apparent inner peak was produced by the effects of 
superimposing a ring on a rounder bulge profile, accom- 
panied by circu larizing of the inn er isophotes by seeing 
(see Fig. and lErwin et a ll200ll) 

NGC 4593: Listed bv IMoiseevI ll200lL based on th e 
suggestion of a triaxial bulge by IWozniak et al ] lll995h . 
The latter authors noted the presence of dust and a blue 
nuclear ring with r ~ 2". Inspection of a NICMOS2 
F160W confirms that the central region of this galaxy is 



dominated by spiral dust lanes surrounding a nuclear ring 
or pseudo-ring; there is no evidence for an inner bar. 

NGC 4643 : Liste d as an "inner-disk" galaxy by 
lErwin fc Sparkel 1)20031) : higher-resolution /-band images 
(courtesy Johan Knapen) and unpublished //-band im- 
ages from the William Herschel Telescope appear to con- 
firm the alternate hypothesis of Erwin & Sparke that this 
is a stellar nuclear ring instead of an inner disk. 

NGC 5033: S u ggested as a t riple bar system by 
lLaine et alJ l|2002l) . IMartini et al] l|200ll) did not find 
any bars in thei r ana lysis of the same images, and 
lLaurikainen et all l|2002f) found no sign of a bar in their 
tangential-force analysis of this galaxy using 2MASS im- 
ages. Inspection of HST NICMOS1 and NICMOS2 images 
(and a WFPC2 F606W image) shows extremely strong 
spiral dust lanes in a highly inclin ed galaxy, with smal l, 
luminous bulge in cen ter (see also Martini et all l2003j) . 
The ZT-band image of IPeletier et all l)l999(l does suggest 
that the outermost bar of Laine et al. might be real, but 
the inner ellipticity peaks are almost certainly due to dust. 

NGC 5383: Suggested as a potential double bar by 
iRegan fc Elmegreenl l|l997h on basis of ground-based K- 
band images, though they noted possibility of "projection 
effects ." Also re ported as double-b arred by lLaine et alJ 
ll2002l) . However. Isheth et al] l|2000h . using NICMOS2 im- 
ages, showed that the inner feature is a nuclear spiral. 

NGC 62 21: Suggested as double-barred by 

iGreusard et alJ (|200Cf) . based on ellipse fits to their 
ground-based near-IR images; the orientation is the 
same as the outer disk, so this would be an inner disk 
candidate. However, NICMOS2 F160W images indicate 
that a nuclear spiral is most likely the cause of the inner 
ellipticity peak. 

NGC 6300: Both IMulchaev et~aTl (|l997|) and 
lLaine et"al] l|2002l) have suggested that this galaxy is 
double-barred (though with disagreements about the size 
of the inner bar). Inspection of the NIMCOS2 F160W im- 
age shows that the inner isophotes are indeed elongated 
and twisted; however, these are distortions caused by a 
strong dust lane (clearly visible in WFPC2 images). 

NG C 69 5 1: Su ggested as double-ba rr ed b y 
Wozniak ct al. lll995h and IMulchaev et"ai1 ET~ 
However, iFriedli et alJ 



1996) noted that it might be 
nuclear ring instead, and NICMOS2 F110W and F160W 
images confirm the latter interpretation (e.g.lPerez et all 
EoOrllPerez-Rarnfrez et all EoOfl IMartini et all l2003h. 

NGC 7743: lRegan fc Mulchae^ |l999) suggested this 
as double-barred based on the appearanc e of st raight 
dust lanes. How e ver. Ishlosman fc Hellerl l|2002() and 
iMacieiewski et all ()2002j) have used hvdrodvnamical sim- 
ulations to argue that inner bars are unlikely to have 
straight dust lanes, so identificat ions based solely on the 
shape of dust lanes are suspect. lErwin fc Sparkel l|2003h 
argued that the "straight" dust lanes were really part of 
a nuclear spiral. 

Mrk 471: Sugge sted a s double-bar red by 

IMartini fc Poggel l|l999h and IMartini et all l|200lh . 
based on NICMOS1 F160W images. Inspection of both 
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those images and the F110W images indicates that the 
isophote distortions (and the resulting ellipse fits) are due 
to strong, asymmetric dust extinction; there are no other 
indications of a barlike structure in the ce ntral regions. 

IC 184: Suggested as double-barred bv lMarauez et al.1 
l|l999h . Inspection of the WFPC2 F606W image shows 
the "inner bar" quite clearly as the galaxy's only bar; the 
"outer bar" is resolved into a series of bright spiral arms 
(thus, this galaxy is similar to NGC 1667, above). There 
is no sign of any bar inside the "inner" bar; there is an 
inner ellipticity peak in the WFPC2 ellipse fits, but this 
is apparently due to dust lanes (high-res near-IR imaging 
may be needed to clearly rule out a true inner bar). 

UGC 1395: Suggested as double-barred by 
iMarauez et al.l 1^)99), on the basis of unsharp masking. 
There is no sign of any structure with the size and 
position angle they suggest in the F606W WFPC2 image, 
or in the NICMOS1 F160W ima ges; strong dust lanes in 
the bar may be confusing things. iMartini & Poggel |l999) 
did not report finding a bar, and there i s no evidence 
for a bar in published near-IR images of IPelet ier et ajj 
(199i. 
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Table 3. Measured Values for Bars and Inner Disks 
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Observed position angles, sizes, and ellipticities for bars and inner disks of double-barred 
and inner-disk galaxies. For each galaxy, the first line contains values for the outer bar and 
the second line contains values for the inner bar (of double-barred galaxies) or inner disk. 
Col. (1): Galaxy name. Col. (2): Position angle of the outer disk, from Table Q or [2] Col. 
(3): Bar/disk position angle. Col. (4): Bar/disk semi-major axis of maximum isophotal 
ellipticity a e (lower limit on bar size). Col. (5): Semi-major axis of minimum ellipticity 
fflmin outside a e . Col. (6): Semi-major axis where |PA — bar PA| > 10° outside a t . Col. 
(7): Lbar (upper limit on bar size - usually the minimum of a m in and aio; see Sect. for 
sources of alternate values). Col. (8): Maximum isophotal ellipticity (e = 1 — b/a) of the 
bar or inner disk. Col. (9): Nuclear ring present? Note that NGC 3368, 3945, 4785, and 
7187 have both inner bars and inner disks, and are thus included in each section. 
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Table 3. Continued 



Name Outer Disk PA Bar/Disk PA a e a min a w Z/ ba r e max NR? 

O Oft!! ft ft 

_W (3 (3) (4) (5) (6) (7) (8) (9) 

NGC 3081 97 69 33 41 . . . 35 0.65 Y 

122 5.7 8.6 7.1 5.8 0.50 

NGC 3275 122 120 28 36 48 36 0.58 Y 

172 2.1 3.5 2.7 2.6 0.31 

NGC 3358 125 98 16 21 24 21 0.42 

136 4.9 8.3 11 8.3 0.32 

NGC 3368 172 115 61 80 75 75 0.40 Y 

129 3.4 6.8 5.9 5.0 0.35 

NGC 3393 ... 157 13 16 23 16 0.44 

146 1.9 3.5 3.1 3.1 0.20 

NGC 3941 10 166 21 36 32 32 0.47 

85 3.2 4.7 4.4 4.4 0.21 

NGC 3945 158 72 32 41 39 39 0.29 Y 

90 2.6 3.0 3.0 3.0 0.11 

NGC 4303 138 179 29 50 48 34 0.50 Y 

40 1.8 2.8 2.5 2.5 0.29 

NGC 4314 65 146 67 90 111 80 0.64 Y 

136 4.5 5.8 5.6 5.6 0.23 

NGC 4321 153 107 55 61 80 58 0.54 Y 

110 8.2 15 10 10 0.62 

NGC 4340 95 31 39 51 48 48 0.39 Y 

25 3.4 5.1 4.7 4.5 0.11 

NGC 4503 12 6 23 27 . . . 27 0.48 

45 2.9 4.8 6.0 4.8 0.25 

NGC 4725 40 50 118 130 170 125 0.67 

141 5.6 7.3 6.8 6.8 0.20 

NGC 4736 113 90 125 170 ... 170 0.23 Y 

25 11 21 20 20 0.22 

NGC 4785 81 66 11 13 16 12 0.57 Y 

127 0.9 1.1 1.2 1.1 0.21 

NGC 4984 15 95 30 38 32 0.30 Y 

64 4.0 5.0 4.9 4.9 0.23 

NGC 5365 4 108 25 33 31 31 0.25 Y 

35 3.7 16 5.3 5.3 0.28 

NGC 5728 2 33 56 71 . . . 71 0.71 Y 

86 1.8 4.2 3.7 3.7 0.49 

NGC 5850 163 116 63 84 . . . 75 0.68 Y 

50 5.9 9.2 7.6 7.1 0.30 

NGC 6654 17 26 47 38 38 0.51 

135 2.7 4.4 4.2 4.2 0.15 

NGC 6684 36 150 26 33 29 28 0.25 

68 2.9 6.2 4.1 4.1 0.35 

NGC 6782 45 178 25 30 33 30 0.54 Y 

147 3.4 4.5 4.3 3.8 0.47 
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Table 3. Continued 
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Table 3. Continued 
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Table 4. Deprojected Values for Bars and Inner Disks 



Name 
(1) 
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Bar/Disk Size 
kpc 
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0.44 


NGC 3275 


60 


5.50, 


7.07 


0.33, 0.42 






0.18, 


0.36 


0.02, 


0.05 






0.50, 


0.62 


0.03, 0.04 


NGC 1068 


28 


5.02, 


6.97 


0.33, 


0.46 


NGC 3358 


-49 


3.13, 


4.10 


0.17, 0.23 






1.28, 


1.45 


0.08, 


0.10 






0.90, 


1.52 


0.05, 0.09 


NGC 1097 


-61 


6.26, 


7.62 


0.32, 


0.39 


NGC 3368 


— 11 


4.39, 


5.40 


0.38, 0.47 






0.74, 


0.76 


0.04, 


0.04 






0.22, 


0.33 


0.02, 0.03 


NGC 1241 


-78 


5.88, 


5.88 


0.28, 


0.28 


NGC 3393 


— 11 


3.09, 


3.80 


0.20, 0.25 






0.49, 


0.59 


0.02, 


0.03 






0.46, 


0.75 


0.03, 0.05 


NGC 1291 


24 


3.41, 


4.98 


0.30, 


0.44 


NGC 3941 


-64 


1.39, 


2.12 


0.23, 0.34 






0.69, 


0.92 


0.06, 


0.08 






0.29, 


0.41 


0.05, 0.07 


NGC 1317 


-80 


4.38, 


6.19 


0.56, 


0.80 


NGC 3945 


-11 


4.65, 


5.67 


0.32, 0.38 






0.60, 


0.61 


0.08, 


0.08 






0.36, 


0.42 


0.02, 0.03 


NGC 1433 


65 


4.58, 


5.57 


0.45, 


0.55 


NGC 4303 


—41 


2.25, 


2.64 


0.16, 0.18 






0.33, 


0.63 


0.03, 


0.06 






0.15, 


0.20 


0.01, 0.01 


NGC 1543 


(66) 


6.50, 


9.80 


0.46, 


0.69 


NGC 4314 


-10 


4.29, 


5.12 


0.59, 0.70 






0.78, 


1.08 


0.05, 


0.08 






0.29, 


0.36 


0.04, 0.05 


NGC 1808 


19 


4.06, 


5.78 


0.42, 


0.60 


NGC 4321 


2 


4.32, 


4.55 


0.26, 0.28 






0.18, 


0.27 


0.02, 


0.03 






0.64, 


0.78 


0.04, 0.05 


NGC 2217 


-24 


3.54, 


4.79 


0.29, 


0.39 


NGC 4340 


4 


4.24, 


5.22 


0.54, 0.67 






0.77, 


1.08 


0.06, 


0.09 






0.38, 


0.50 


0.05, 0.06 


NGC 2642 


-30 


7.01, 


7.29 


0.42, 


0.43 


NGC 4503 


69 


1.74, 


2.05 


0.22, 0.26 






0.41, 


0.55 


0.02, 


0.03 






0.32, 


0.53 


0.04, 0.07 


NGC 2646 


(74) 


4.33, 


5.69 


0.43, 


0.56 


NGC 4725 


-84 


7.18, 


7.61 


0.37, 0.39 






0.56, 


0.89 


0.06, 


0.09 






0.45, 


0.55 


0.02, 0.03 


NGC 2681 




4.17, 


5.00 


0.46, 


0.55 


NGC 4736 


60 


3.27, 


4.44 


0.38, 0.52 






1.50, 


1.58 


0.17, 


0.17 






0.34, 


0.62 


0.04, 0.07 






0.14, 


0.28 


0.02, 


0.03 












NGC 2859 


80 


4.38, 


5.54 


0.29, 


0.37 


NGC 4785 


81 


2.80, 


3.06 


0.21, 0.23 






0.49, 


0.75 


0.03, 


0.05 






0.36, 


0.44 


0.03, 0.03 


NGC 2950 


80 


2.16, 


2.79 


0.37, 


0.48 


NGC 4984 


(25) 


2.94, 


3.14 


0.46, 0.49 






0.27, 


0.33 


0.05, 


0.06 






0.36, 


0.44 


0.06, 0.07 


NGC 2962 


60 


4.71, 


6.98 


0.41, 


0.61 


NGC 5365 


-57 


5.43, 


6.74 


0.41, 0.51 






0.84, 


1.01 


0.07, 


0.09 






0.63, 


0.90 


0.05, 0.07 



Deprojected relative position angles and sizes for double-barred and inner-disk galaxies. 
For each galaxy, the first line contains values for the outer bar and the second line contains 
values for the inner bar (double-barred galaxies) or inner disk. Col. (1): Galaxy name. 
Col. (2): Difference in position angle between inner bar or disk and outer bar. Positive 
= inner bar/disk leads outer bar, negative = inner bar/disk trails, based on the sense of 
rotation (TableQor Values in parentheses are for galaxies where the sense of rotation 
is undefined. No values are given for NGC 2681 because there are, in effect, two "outer" 
bars. Col. (3) Bar/disk linear sizes, in kpc. The first number is a e , the second is Lb ar . 
Col. (4) Bar/disk sizes relative to galaxy size R25', the first number is a e /7?25, the second 
is L bar /-R25. Note that NGC 3368, 3945, 4785, and 7187 have both inner bars and inner 
disks, and are thus included in each section. 
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Table 4. Continued 
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0.08, 0.09 


INIjG 6/82 
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0.34, 


0.47 


hjbU 44d-LcU39 


(23) 


2.22, 


3.83 


n on n c^n 
0.29, U.oU 






1.24, 1.63 


0.07, 


0.10 






0.44, 


0.58 


0.06, 0.08 


NGC 7187 


-10 


3.42, 3.42 


0.51, 


0.51 


ESO 447-G030 


-34 


3.67, 


3.95 


0.47, 0.50 






0.45, 0.64 


0.07, 


0.09 






0.63, 


0.81 


0.08, 0.10 


NGC 7280 


78 


1.36, 3.34 


0.18, 


0.43 


IRAS 03565+2139 


60 


6.37, 


7.35 


0.77, 0.88 






0.18, 0.24 


0.02, 


0.03 






0.82, 


0.97 


0.10, 0.12 


Inner-Disk Galaxies 


NGC 151 


-86 


9.89, 11.53 


0.38, 


0.44 


NGC 4262 


(46) 


1.04, 


1.27 


0.25, 0.31 






1.02, 1.45 


0.04, 


0.05 






0.26, 


0.33 


0.06, 0.08 


NGC 470 


-64 


4.53, 5.61 


0.36, 


0.44 


NGC 4386 


(10) 


3.29, 


4.74 


0.34, 0.49 






0.41, 1.13 


0.03, 


0.09 






0.31, 


0.42 


0.03, 0.04 


NGC 1398 


87 


4.19, 4.85 


0.25, 


0.29 


NGC 4612 


(68) 


1.64, 


1.93 


0.30, 0.35 






0.23, 0.62 


0.01, 


0.04 






0.22, 


0.41 


0.04, 0.07 


NGC 2787 


-58 


1.58, 1.96 


0.46, 


0.57 


NGC 4754 


(73) 


3.72, 


4.37 


0.33, 0.39 






0.66, 0.77 


0.19, 


0.22 






0.55, 


0.77 


0.05, 0.07 


NGC 2880 


-62 


1.28, 1.44 


0.19, 


0.22 


NGC 4785 


-35 


2.80, 


3.06 


0.21, 0.23 






0.32, 0.48 


0.05, 


0.07 






1.17, 


1.51 


0.09, 0.11 


NGC 3266 


(85) 


1.47, 1.92 


0.26, 


0.34 


NGC 7007 


(72) 


1.86, 


2.28 


0.18, 0.22 






0.10, 0.22 


0.02, 


0.04 






0.42, 


0.53 


0.04, 0.05 


NGC 3368 


-52 


4.39, 5.40 


0.38, 


0.47 


NGC 7187 


70 


3.42, 


3.42 


0.51, 0.51 






1.09, 1.56 


0.09, 


0.13 






1.18, 


1.41 


0.18, 0.21 


NGC 3384 


(85) 


1.73, 1.96 


0.19, 


0.21 


UGC 6062 


(64) 


2.98, 


3.72 


0.48, 0.60 






0.15, 0.62 


0.02, 


0.07 






0.33, 


0.49 


0.05, 0.08 


NGC 3412 


(66) 


1.18, 1.65 


0.20, 


0.28 


ESO 378-G020 


(53) 


1.93, 


2.32 


0.27, 0.32 






0.05, 0.33 


0.01, 


0.06 






0.15, 


0.24 


0.02, 0.03 


NGC 3945 


-87 


4.65, 5.67 


0.32, 


0.38 


ESO 443-G017 


-67 


2.36, 


2.95 


0.29, 0.37 






0.94, 1.68 


0.06, 


0.11 






0.44, 


0.81 


0.06, 0.10 


NGC 4143 


37 


1.49, 2.45 


0.28, 


0.46 
















0.32, 0.48 


0.06, 


0.09 













